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FOREWORD  TO  TRANSLATION 


.  The  material  presented  herein  was  translated  by  the  SIPRE 

Bibliography  Project,  Library  of  Congress,  Washington,  D.  G., 

through  arrangement  with  the  Snow,  Ice  and  Permafrost  Researoh  Es- 

*  tablishment.  Corps  of  Engineers,  U.  St  Army#  The  translation  was 

the  work  of  Mr0  Nikolay  T.  Sikejew# 

w  The  translated  material  consists  of  selected  portions 

of  the  complete  book,  "ice  Crossings",  by  G.  R.  Bregman  and  B.  V# 

Proskuriakov. This  book  predates  the  later  Russian  book,  "Data 

(2) 

on  the  Problem  of  Ice  Crossings",  edited  by  B.  L.  Lagutin'  '  and 
translated  by  the  Stefannson  Library  for  the  Arotio  Construction 
and  frost  Effects  Laboratory  in  1950 •  The  latter  book,  while  more 
complete  and  advanced  than  the  earlier  work,  makes  frequent  refer¬ 
ence  to  "Ice  Crossings".  The  Arctic  Construction  and  frost  Effects 
Laboratory  selected  Ihose  portions  of  the  book  to  be  translated 
vihich  covered  phases  of  the  subject  in  greater  detail  or  vhich  were 
not  covered  at  all  in  the  later  work. 

The  translation  has  been  retained  in  fairly  literal  form* 
However,  some  editorial  footnotes  have  been  added  to  clarify  places 
udiich  the  reader  might  find  difficult  to  follow  due  to  errors  in 
printing  or  mathematical  formulation,  or  the  use  of  unorthodox 
engineering  terminology,  in  "the  original  Russian  book. 

(1)  Ioe  Crossings,  G°  R.  Bregman  and  B.  V»  Proskur Iakov,  Nauchno- 
Issle-cTovatelj  fek'ikh' .  Uchrezhdenii,  serria  IV,  vypusk5,  Gidro- 
meteoizdat,  Moscow,  1943° 

(2)  Data  on  the  Problan  of  Ioe  Crossings,  edited  by  B.  L.  Lagutin, 

A  7Fru3y  Nauchno-Isslwiovatel’skik'h  tjchrezhdenii,  Seriia  V,  Vypusk 

20,  Glavneye  Upravlenixe  GidrometerologicheskSiy1  Sluzhyly  Gidro- 
meteoizdat  Sverdlovsk,  Mosoow,  1946. 
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Chapter  I 


PROBLEM  OF  DETERMINING  SAFE  LOADS  ON  AN  ICE 
COVER  ANL  CONSTRUCTION  OF  ICE  CROSSINGS 

Seotion  3  *  Pages  9-13- 

The  problem  of  the  supporting  power  of  an  ice  cover  is  not  solved, 
regardless  of  the  frequent  use  of  an  ice  cover  for  crossing.  Even  safe 
loading  is  determined  without  adequate  considerations.  Data  presented  in 
table  1  are  most  useful  for  this  purpose.  There,  the  safe  load  is  considered 
only  as  a  function  of  ice  thickness.  This  assumes  an  invariability  of  the  me¬ 
chanical  properties  of  an  ioe  oover  with  time  and  with  changes  in  the  hydro¬ 
meteorological  conditions. 

However,  Professor  N,  Bernshtein  demonstrated  even  in  1929,  from 
Herts’s  investigation  (deflection  of  a  plate  on  an  elastio  foundation),  that 
safe  load  values  on  ice  depend  on? 

1)  radius  of  load  distribution, 

2)  bending  strength  of  ioe, 

3)  ioe  thickness. 

I4.}  modulus  of  ioe  elasticity. 

5)  Poisson's  ratio. 

Professor  Bernshtein  calculated  the  data  on  the  basis  of  the 
theory  of  elasticity  alone.  If  we  also  take  into  consideration  the  elastio 
properties  of  ice,  then  a  number  of  faotors  determining  the  supporting  power 
of  an  ioe  cover  must  be  considered  further „  Plastic  properties  and  vis¬ 
cosity  of  ioe  provide  for  a  change  in  the  modulus  of  elasticity  with  time. 

The  modulus,  according  to  investigations  of  some  authors,  also  depends  on 
amount  of  load  and  ioe  temperature. 

The  relationships  have  not  been  studied  enough,  but  the  first  at¬ 
tempts  at  their  determination  have  been  made,  Hess,  for  an  ice  tempera¬ 
ture  range  between  0°  and  -6,8°C,  suggested  the  following  equations? 

For  Moderate  Loads 


doc  _  c 

(1) 

dt  ‘  t 

oc  -  ame 

(2) 

where*  relative  ice  deformation. 

t  m.  time 

o  m  value,  depending  on  load,  size  of  samples  and  on  time. 

a  m  elastic  deformation. 

b  »  coefficient,  determined  by  load  and  size  of  sample. 

Thus,  the  intensity  of  ice  deformation  with  time  decreases  for 
small  loads,  and  increases  for  heavy  loads.  Royen's  investigations  in¬ 
dicated  that  deformation  with  any  load  increased  with  time,  but  that  the 
rate  of  deformation  inorease  diminishes  with  time  acoording  to  the  fol¬ 
lowing  equation*  . 

o<  -  ce* 

“  '  00 
where*  c  =  coefficient  equal;  60-90x  10  ^ 
o  *  load  (in  kg./sq.  cm.) 

0  m  temperature  of  sample. 

It  may  be  noted  in  disoussing  the  suggested  formulas  that  ioe 
viscosity  should  be  taken  into  consideration  when  calculating  ieeoover  de¬ 
formation. 

>  The  second  and  also  very  important  faotor,  is  the  dependence  of 

the  mechanical  properties  of  ioe,  and  in  particular  the  temporary  resistance 
of  ioe  on  the  temperature.  Some  of  these  interrelations  are  suggested  in 
table  2. 

Table  2. 

Values  of  temporary  resistance  of  ioe  depending  on  its  temperature 

Ioe  temperature  Bending  strength  in  kg./sq.  cm. 

(0  C)  according  to* 

8  '  Arno I'd- 

Xorzhavin  Vitman  Alfab’ev  Ve'lnberg 

0  70  80  95  100 

-  5  .  .  1I4B  150  II4O  121; 

-10  •  22U  190  177  II4O 

-20  -  -  238  160 


80 

95 

100 

150 

li+o 

12U 

190 

177 

1I4O 

-  ' 

238 

160 
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The  supporting  power  of  an  ice  cover  is  a  function  of  many 
variables,  includings  the  thickness  and  fracturing  of  ice,  meteorologi¬ 
cal  conditions,  wind  and  thermal  influences,  uneven  distribution  of 
snow  cover,  etc.,  Thus,  data  of  table  1  showing  the  relation  between 
load  and  ioe  thickness  might  only  be  correct  in  some  range  of  variables 
for  determining  the  strength  of  an  ioe  cover.  These  data  cannot  be  recom¬ 
mended  for  practical  use  in  every  case. 

Inasmuch  as  the  number  of  variables  is  great,  it  is  more  correot 
to  consider  some  combinations  of  these  variables  and  then  the  table  will 
indicate  the  real  values  of  ice-supporting  power. 

Besides  the  table  of  minimum  ice  thickness  for  various  trans¬ 
portation  of  loads,  some  principles  for  calculating  the  supporting  power 
of  an  ioe  cover  were  introduced  by  others  (Korunov,  Zubov,  Shuleikin). 

M,  Mo  Korunov  proposed  that  the  equation  for  defleotion  of  a 
plate  along  a  cylindrical  surface  is  analogous  to  the  equation  for  a  beam 
which,  if  oorrect,  gives  for  the  same  bending  stress  the  relation  between 
to  loads  Qi  and  Qg  required  ice  thickness  (H). 


V 


*2 


Hi2 


Ql 


(5) 


Korunov,  from  experimental  data  of  ice  thickness  (H),  load  (Q) 
and  equation  (5)  suggested  the  following  formula* 


H  -  10 /q 


(6) 


Thus ,Korunov  neglected  the  variations  of  the  elasticity  modulus , 
the  temporary  resistance, and  the  load  distribution  along  the  ice  surface, 
which  are  also  very  important.  He  applied  the  equations  of  cylindrical  de¬ 
flection  of  a  plate  to  cases  of  single  load  movement.  These  simplifica¬ 
tions  cannot  be  approved  from  a  practical  viewpoint.  Consequently, the  equa¬ 
tion  of  Korunov  is  not  useful  for  calculations.  Professor  N,  N,  Zubov  took 
into  account  the  value  of  permissible  deflections  of  an  ice  cover  (not  bend¬ 
ing  stress),that  is  different  in  principle.  He  determined  the  form  of  de¬ 
fleotion  by  a  logarithmic  equation,  whioh  is  closer  to  observational  data. 
Naturally,  the  first  derivative  of  linear  defleotion  is  discontinuous  at 
the  point  of  load  application.  The  seoond  derivative  and  value  of  the 
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bending  moment  at  the  point  of  load  application  are  indeterminate. 

Professor  V.  V.  Shule^kin,  and  similarly  Bernshtelfn,  suggested  the 
applicability  of  the  results  of  the  elasticity  theory*  and  the  assumption 
that  the  modulus  of  elasticity  and  temporary  resistance  of  ice  have  constant 
values  for  studying  ice-supporting  power.  :  In  the  present  study,  these  last 
two  assumptions  are  omitted  and  ice  characteristics  are  analyzed  according 
to  the  influence  of  hydrometeorological  factors. 

Many  experiments  in  laboratories  and  under  natural  conditions  were 
carried  out  to  study  ice-cover  strength.  However,  the  results  are  incon¬ 
sistent.  ^he  values  of  temporary  resistance  and  the  elasticity  modulus  sug¬ 
gested  by  various  authors  are  different  by  as  much  as  a  factor  of  ten.  These 
differences  might  be  explained  by  the  ice  property  permitting  a  change  in  its 
physico-mechanical  characteristics  with  temperature  and  with  sea  ice, .salinity 
and  ice  age.  These  conditions  were  seldom  considered  in  experiments.  , 

Measures  for  ice-cover  reinforcement  are  insufficiently  developed 
dtie  to  the  low  reliability  of  calculated  data. 
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Chapter  S 


BRIEF  CHARACTERISTICS  OF  THE  CONDITIONS  ON  BODIES  OF  WATER  AND  THE  PHYSICQ- 
MECHANICAL  PROPERTIES  OF  ICE  AND  SNOW. 

1.  Brief  characteristics  of  ice  conditions. 

Cooling  of  a  water  surface  by  cold  air  causes  a  deorease  in  the 
water  temperature  to  the  freezing  point.  If  water  is  in  a  quiet  state,  as 
for  example  in  lakes,  the  cooling  occurs  at  the  surface  layers  first.  Water 
temperatures  in  rapidly  flowing  rivers  reaches  the  freezing  point  almost 
simultaneously  through  the  entire  oross  seotion  due  to  turbulent  motion. 
Processes  of  water  cooling  ..in_s  lowly  moving  rivers  are  similar  to  conditions 
observed  in  lakes.  Water,  motion. due  to  wind  in  large  lakeB  and  seas  ocours 
not  to  the  bottom  but  to  a. depth,  of  several  meters. 

These  peculiarities  in  water  bodies  determine  the  nature  of  ice 
formation  processes  in  running,  and  quiet  water. 

Rivers,  The  first  appearance  of  ice  in  rivers  occurs  near  the 
banks  where  the  depth  is  less,  and  consequently,  less  time  is  needed  for 
water  to  cool  to  0°C.  Low  speed  of  flow  near  the  coast  hampers  vertical 
exohange  of  water  masses,  thus  water  particles  cooled  to  0°C  remain  near 
the  water  surface  where  ice  crystallization  begins.  The  presence  of  favor¬ 
able  conditions  for  surface  ioe  formation  near  the  coast  causes  the  appear- 
anoe  of  land-ioe,  the  width  of  which  is  determined  by  cooling  intensity  and 
speed  of  flow. 

Distribution  of  water  at  0°C  in  the  stream  causes  ice  formation  in 
theniddle  of  rivers.  It  occurs  most  frequently  at  the  surface.  Intensive 
turbulent  mixing  and  supercooling  of  the  whole  water  mass  results  in  ice  forma¬ 
tion  within  and  near  the  bottom  of  streams. 

Ice  crystals  freezing  together  produce  the  following  different  ini¬ 
tial  forms  of  ices  . . .  • 

(a)  thin  ice,  frazil  ice; 

,.(,b)  snowflakes  frozen  together snow  sludge; 

(c)  floating  anchor  ioe,  sludge;* 

(d)  floating  ice  fields,  ice  drift. 

*  Anchor  ice  growing  up  to  the  surface  on  river  rapids  results  in  the 
appearanoe  of  ioe  islands  ,,pyatryn. 
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Ice  fields  floating  downstream  and  freezing  together  beoome  thicker. 
Intensity  of  ioe  drifting  increases  during  further  cooling.  Ice  fields  are 
stopped  in  narrow  river  sections,  diverting  the  river  near  islands  and  sand¬ 
banks.  When  the  ice  stoppage  withstands  further  pressure  from  following  ice 
fields  and  the  flow,  then  freeze-up  results.  A  polynya  is  formed  downstream  ■ 
from  the  stoppage  and  upstream  freeze-up  begins. 

If  river  sections  from  the  frozen  edge  carry  masses  of  ice  below 
the  surface,  then  in  the  region  of  ice  stoppage, , great  ice  jams  are  formed. 

Ice  jams  sometimes  occur  for  many  kilometers  of  the  river  and  frequently 
cause  flooding.  Ice  jam  regions  are  characterized  by  formation  of  hummocky 
ice  and  piled  coast  ice,  reaching  several  meters  in  height. 

Growth  of  the  ice  cover  after  freeze-up  occurs  mainly  from  the 
lower  part.  The  intensity  of  ice  growth  at  the  lower  edge  depends  on  the 
heat  exchange  between  the  ice' surface  and  the  air.  The  presence  of  heat  ex¬ 
change  results  in  heat  flow  from  the  water  to  the  lower  side  of  the  ice 

cover  (Q^)  and  from  the  lower  side  of  the  cover  to  the  upper. 

The  latter  heat  flow  is  equal  to  the  value  of  heat  exchange  between  the  upper 

ice  surface  and  the  atmosphere  (.Q^)  i 

The  value  depends  entirely  on  the  water  temperature-  and  hydraulic 
characteristics  of  the  water  body,  speed  of  flow,  degree  of  turbulent  mixing, 
etp.  The  value  is  determined  chiefly  by  meteorological  conditions. 

The  sum  of  the  heat  flows,  indicated  by  and  is  related  to  the 
intensity  of  ice  growth  by  the  following  relations 

(7) 


where? 


H 

r 

L 

S 


ice  thickness 
time 

heat  of  ice  formation 
ice  density  .  >. 

Analysis  of  the  values  and  yields  the  following  equations? 


Q-  oC  t 


(8) 
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where?  c<  -•  coefficient  depending  on  the  characteristics  of  the 
lower  surface  of  the  ice  cover,  the  speed  of  flow, 
and  on  the  water  temperature «  However,  because  the 
water  temperature  during  the  winter  varies  little, 
it  is  possible  to  consider  the  coefficient  as  de¬ 
pending  on  the  first  two  factors  only; 
t  =  temperature  of  water  in  °C 


Qa'-  Si-hUMs, 


(9) 


where  s  q  ^ 

q3 

and  also? 

where?  A 

d 

v 

where?  B 
f 


heat  loss  from  the  upper  ice  surface  by  convection, 
similarly  by  evaporation, 
similarly  by  radiation. 

a  (©-y.)  (10) 

coefficient  of  heat  exchange  depending  on  wind  velocity; 
a4  r  temperature; 

temperature  of  the  upper  ice  surface. 

*»»  B(t  -fy)  (11) 

coefficient  of  heat  exchange,  depending  on  wind  velocity; 
absolute  humidity; 

vapor ■ pressure  at  the  ice-surf ace  t emperature . 


(12) 


where?  Tg  *  air  temperature  in  degrees  absolute; 

Ty  *  temperature  of  the  upper  ice  surface  in  degrees  absolute; 

C  =  radiation  coefficient 

The  well-known  formula  of  Devik  may  be  obtained  from  equation  (7) 
using  the  relations  in  (8),  (10),  (11)  and  (12).  The  heat  flow  must  be 
taken  for  the  snow  cover  surface  in  cases  when  the  ice  is  covered  by  snow. 

Many  formulas  have  been  suggested  for  calculating  ice  cover  growth. 
They  are.  based  on  theoretical  considerations.  However,  empirical  coeffi¬ 
cients  for  these  were  determined  for  rivers  where  the  writers  made  their 
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k, 

exp  riments „  Thuss  the  formulas  have  limited  application.  They  do  not  take 
into  account  the  importance  of  snow  in  the  processes  of  heat  exchange,  "air- 
ice"  0 

The  State  Hydrological  Institute  proposed  the  following  general 
function  for  ice  cover  thickness  on  the  given  factors i 


where \ 


H  -  (lt°- , 


(13) 


itV 

h  = 

s  - 

Ml  = 

M  « 

2 

R  = 


ice  thickness, 

sum  of  negative  air  temperatures  from  the  beginning -of  ice 
drifting, 

influence  of  thaw  weather, 
depth  of  snow  cover  and  ice, 

'stage  of  ice  formation, 
geographical  location  of  water  body, 

morphological  peculiar  ities  of  the  region  of  ice  formation, 

additional  local  peculiarities  of  ice  cover  formation  (water 
power  of  river,  conditions  of  underground  water  supply,  etc.) 
and  heat  inflow  to  lower . surface  of  the  ice  cover.  * 


Empirical  solutions  of  these  relations  were  obtained  for  rivers  of 
European  USSR.  They  are  presented  in  detail  by  G»  P . ' "Manual  for 
forecasting  of  ice  thickness  in  rivers  and  lakes" . 

Freeze-up  of  rivers  results  from  freezing  together  of  ice  fields 
of  different  thicknesses.  Thus,  the  initial  thickness  of  the  ice  cover. Is 
heterogeneous.  This  heterogeneity  diminishes  during  winter  due  to  dif¬ 
ferent  thicknesses  of  snow  cover  over  ice,  and  to  more  intensive  growth  of 
these  ice  sections.  The  heterogeneity  of  the  ice  'cover  is  very  important 
for  determining  the  bearing  capacity  of  the  ice  cover,  especially  during 
the  first  half  of  winter.  The  minimum  thickness  peculiar  to  the  river  sec¬ 
tion  must  be  taken  into  consideration  for  calculations. 

Growth  of  the  ice  cover  at  the  surface  occurs  when  water  covers 
the  ice,,  originating  from  ice  jams  or  heavy  snow  loads  on  the  ice  cover, 
and  also  from  increased  river  run-off.  The  water  layer  over  the  ice  can 
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reach,  in  some  oases,  several  tens  of  cm.  Water  freezing  over  the  ice  f orms 
a  turbid,  whitish  snow  ice.  One  or  several  water  layers  may  be  located  be¬ 
tween  surfaces  of  snow  ice  and  crystalline  ice.  The  thickness  of  snow  ice 
may  reach  the  thickness-. of  the  lower  crystalline  part.  It  is' necessary  to 
consider,  for  calculating  the  bearing  capacity  of  a  multi-layered  ice  cover, 
that  load  action  is  received  by  the  upper  layers  <>  The  strength  of  snow  ice 
is  less  than  the  strength  of  crystalline  ice. 

Some  sections  of  the  river  surface  remain  ice-free.  These  ice- 
free  spaces  are- known  as  polynya  or  mayna*  There  are  two  causes  of  polynyaj 
the  thermal,  when  ice  cannot  form  due  to  heat  inflow  from  the  lower  water 
layers  (underground  water,  sewage,  etc.)  or  the  hydraulic,  when  the  speed 
of  flow  is  high. 

Ice  melting  in  the  spring  occurs  on  both  sides  of  the  cover.  De¬ 
struction  of  the  ice  cover  from  the  upper  layers  commences  after  a  partial 
melting  away  of  the  snow  cover.  Ice  under  the  influence  of  solar  radiation 
decomposes  into  separate  crystals  and  loses  its  strength.  Warm. snow  melt¬ 
water  forming  over  the  ice  is.  also  an  important  factor  for  ice  cover  de¬ 
struction.  Snow  meltwater  coming  from  bank  slopes  decomposes  the  near- 
shore  ice  cover.  Lower  ice  strength  near  banks  and  an  increase  <6f  the 
water  level  in  the  river  results  in  shore-clearings.  Following,  a  diminish¬ 
ing  of  the  ice  cover  strength  and  an  Increase  in  the  water  level  result  in 
breakup  of  the  cover  and  ice  flow. 

An  accumulation  of  broken  ice- in  river  bends, ••  (ice  jams)  cause 
considerable  increase  in  the  water  level  and  flooding. of  banks.. 

Lakes.  Ice  appears  first  in  parts  of  lakes  sheltered  from  waves. 
Freeze-up  occurs  simultaneously  over  the  entire  surface  of  the  .-sheltered 
area.  Wind  and  waves  in  open  areas  of  lakes  cause  water  mixing,  conde*- 
quently  the  surface  water  layers  reach  the  freezing  point  later  "than  in 
sheltered  areasj  on  the  other  hand,  they  prevent  the  freezing  together  of 
ice  fields  which  promotes  floating  or  drift  ..ice.  The  increase  in  the  amount 
of  ice  occurring  during  ice  formation  processes, ^diminishes  the  waves  on  the 
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water  surface,  and  makes  possible  the  freezing  together  of  ice  fields  and  the 
formation  of  a  stationary  ice  cover*  If  the  ice  fields  are  not  frozen  to¬ 
gether,  a  reversal  in  the  wind  direction  may  produce  leads. 

Wind  and  large  temperature  variations  may  produce  a  great  stress  on 
the  ice  cover  of  large  lake  sections*  This  stress  will  be  discussed  further. 
It  can  be  noted  now  that  these  stresses  result  in  the  appearance  of  wide  fis¬ 
sures,  usually  in  the  same  places  in  the  lake* 

Seas,  Formation  of  an  ice  cover  under  conditions  in  the  sea  com¬ 
mences  with  the  appearance  of  slush,  islands  of  which  freeze  together  and 
produce  at  low  temperatures  a  thin  glass-like  crust  5~7  cm*  thick,  (nylas). 
Light  swell  and  ripples  prevent  formation  of  nylas  and  then  congealed  slush 
forms  pancake  ice.  Slush  accumulations  near  shore  freeze  to  land  ice  up  to 
several  meters  wide*  Further  extension  of  land  ice  transforms  it  into  a 
land  floe*  Then  new  unhardened  ice  is  easily  fractured  into  fragments 
several  cm*  in  diameter,  (sludge).  Thickening  of  nylas,  and  freezing  to¬ 
gether  of  pancake  ice  and  sludge  form,  young  ice,  an  even  ice  layer  7“10  cm, 
thick,  which  in  time  reaches  o*70  m.*  in  seas  of  the  USSR  except  in  polar 
regions  where  the  thickness  reaches  2=3 

If  the  ice  cover  is  exposed  to  action  of  the  wind  or  current, 
then  over  the  even  ice  cover  may  form  compression  ridges  or  ice  piles, 
(hummocks)*  A  decrease  in  compression  may  result  in  fissures,  which  on  ex¬ 
panding,  produce  polynya  and  leads*  The  fissures  frequently  cause  the  move¬ 
ment  of  large  ice  fields  in  the  open  sea* 

The  ice-edge  seldom  has  a  well-defined  boundary.  Swell  and  wind 
destroy  the  ice  cover  and  produce  sludge  near  the  ice-edge*  The  pressure 
of  drifting  ice  on  the  ice-edge  forms  rafted  ice,  when  one  cake  overrides 
another.  This  phenomenon  may  produce  double  and  even  triple  layers  of  ice. 
Conventional  symbols  for  ice  formations  in  rivers  and  seas  are 
suggested  in  Fig*  1, 

2*  Physic o-mechanical  Properties  of  Ice  and  Snow* 

Physical  constants  of  numerous  ice  formations  in  water  bodies, 
especially  in  seas,  are  not  well  established.  Mechanical  properties  of 
natural  ice  have  also  been  insufficiently  investigated*  Some  physioo- 
mechanical  characteristics  of  ice  are  suggested* 
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Figure  1.  Conventional  symbols  for  ice  formations  in  rivers 

and  seas. 


a.  Fhysioal  characteristics  of  ice. 

Heat  oapacity  of  ice.  The  heat  capacity  is  the  heat  required 
to  warm  1  kg.  of  mass  from  0°  to  1°.*  The  value  for  ioe  varies  depend¬ 
ing  on  the  temperature! 

At  ioe  temperature  0  m  0°  from  O.I4873  to  0.5057 

0  ■  -10°  from  0.itf70  to  0.14871 
0  ■  -50°  from  O.I4I6O  to  O.I4I56 

Dickinson  and  Osborne  proposed  the  following  formula  for  calculating  the 
heat  oapacity  of  ioe  (c)t 

c  -  0.5057  +  0.0018636 . 

Data  on  heat  required  for  melting  1  gram  of  ice  at  tempera¬ 
ture  0  0  and  salinity  S°/oo  might  be  used  for  sea  ioe.  The  following 
table  expresses  these  values  according  to  Malmgren  and  Zubov* 


Table  3 


6 

S°/oo 

0 

5 

10 

15 

-  1 

80 

60 

38 

17 

-  2 

81 

70 

59 

hi 

-  5 

83 

77 

72 

67 

-10 

85 

83 

79 

76 

-20 

90 

88 

86 

81* 

Heat  of  fusion.  The  transformation  of  1  kg.**  of  pure  ice 
into  water  requires,  according  to  Dickinson  and  Osborne,  79. 75  oal.  at 
20°.*** 


Editorial  Notest  * 


** 

*** 


The  values  quoted  are  specific  heat  values,  in¬ 
dicating  that  this  definition  is  in  error  and  should 
be  a  definition  of  specific  heat. 

As  stated  in  original  Russian.  Should  read  1  gram. 
Apparently  means  in  terms  of  the  20°C  Calorie. 
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The  heat  of  fusion  for  sea  ice,  according  to  Pettersont 
S  °/oo  3.02  0,25  lu9  12.0  34.0 
L  76.6  77.lt  73.7  69.2  55.7 

Density  of  pure  ice  according  to  Brosco  equals  0.916?  to  0.917lu 
Density  of  sea  ice  varies  from  0.936  to  0.827. 

Coefficients  of  expansion  and  compression  of  the  ioe.  The  in¬ 
crease  in  unit  length  or  volume/degree  is  called  the  expansion  coefficient 
of  the  solid.  It  may  be  characterised  by  the  following  valuest 

The  coefficient  of  linear  expansion  along  the  freezing  surface 
varies  from  2.81;  x  10“^  to  7*36  x  10"^j  the  coefficient  of  the  volumetric 

expansion  is  8.1  x  10  ^  to  16.2  x  10“^j  the  coefficient  of  ioe  compression 

(according  to  data  of  Weinberg)  varies  from  3*3  x  10"5to  5.0  x  10-^. 

The  volumetric  expansion  of  sea  ice,  aooording  to  observations 

of  Petterson,  depends  largely  on  ioe  salinity  and  temperature.  For  example, 
at  a  salinity  of  0.1;5o/oo  and  6  *  -1°,  the  coefficient  of  expansion  equals 
29  x  10“5,  but  at  6  *  -16.2°  it  is  16  x  10”^j  at  the  same  temperatures  and 
a  salinity  of  6.69°/oo,  the  ooefficient  of  volumetric  expansion  equals  -389 
x  10 and  +  0.0000  respectively,  and  lastly,  at  a  Balinity  of  11.72°/oo  it 
is  -128  x  10"5  and  -5  x  10"5.* 

Coefficient  of  thermal  conductivity  of  ice  (K  £  ).  The  coef¬ 
ficient  of  thermal  conductivity  is  the  quantity  of  heat  conducted  in  1 
second  through  1  sq.  cm.  at  a  thermal  gradient  of  1°.  According  to  data 
of  many  investigators,  it  varies  near  the  melting  point  between  0.0021;  and 
0.0055  oal/om./sec./  degree.  Variations  of  the  coefficient  K ^  depending 
on  temperature  (  Q  )  may  be  expressed  by  the  formula* 

K  £  ■  0.0053  (1  +  0.0015  0) 


♦Editorial  Notes*  The  values  quoted  should  not  be  used  until  checked  with 
Petterson* s  original  data  as  they  do  not  check  with 
Malmgren* s  quotation  of  Patterson’s  values.  (Ualmgren, 
Finn. ,  On  the  Properties  of  Sea  Ioe;  John  Oriegs 
Boktrykkeri,  Bergen,  1927) 
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T h 3  thermal  conductivity  of  sea  ico  has  been  investigated  by  Malmgren 
The  investigations  showed  that  the  coefficient  for  surfaoe  sea  ice  is  near  the 
lower  value  obtained  for  fresh  ice,  and  at  a  depth; i of  1,5  m*  near  the  highest 
value,  it0c,  0.0051. 

b«  Physical  characteristics  of  the  snow. 

Density  of  snow  is  characterized  by  the  following  values i 
Dry  fresh  snow  0.10  -  0.13 

Dry  compacted  snow  0.15  -  0.38 

Wet  snow,  fresh  firn.'  0.32  -  0.38 

Wet  firn  snow  'iiOol+l  -  0.U8 

Abel's,  conside  ing  the  heat  capacity  of  snow  equal  to  the  heat 
capacity  of  ice,  suggested  the  following  equation  for  thermal  conductivity 
of  snows 

2 

K  *  0.006f  p'  cal./sq.  cia./aocond, 

where  p  is  snow  density. 

c.  Some  physical  characteristics  of  supercooled  water. 

.  o  0 

Density  of  supercooled  water  atfj*  from  0  to  -12  varies  between  0.999882 

to  0.99751+s  the  ^efficient  of  thermal  conductivity  for  water  depending  oh 
the  temperature 0  ?  may  be  expressed  by  the  formula  of  Iakobs 

K  •  0.00132  (1  ♦  0.0029*) 

d.  Mechanical  characteristics  of  ice. 

The  mechanical  properties  of  ice  determining  its  supporting  power 

are  characterized  primarily  by  the  followings 

;( ))  modulus  of  ice  elasticity,  i.e.,  stress  under  which  a 
body  obtains  a  specific  elongation  equal  to  one; 

(2;  elastio  limit  of  ice,  i.e.,  stress  at  whieh  body 
retains  its  elastio  properties; 

(3)  temporary  or  destructive  bending  stress; 

(1+)  'oisson's  atio  -  the  ratio  no  r; pacific  lateral 
contraction  (elongation)  to  specific  longitudinal 
extension  (contraction); 

(5)  shearing  modulus,  i.e.,  value  when  relative  shear 
is  equal  to  one. 
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The  numerical  values  for  the  mechanical  properties  of  ice  suggested 
by  many  investigators  vary  widely.  This  arises  beoause  the  experiments  with 
ice  samples  were  usually  carried  out  without  considering  the  speed  of  load¬ 
ing  and  the  duration  of  its  action.  ^Furthermore,  according  to  experiments, 
ice  samples  have  mechanical  properties  somewhat  different  from  those  of  an 
unbroken  ice  cover. 

■T.he  use  of  the  data  obtained  for  calculating  the  load  capacity  of 

•  V 

an  ice  cover  is  possible  by  considering  the  natural  ice  conditions  at  ice 
crossings*  ice  structure,  temperature  and 'duration  of  present  thermal 
situation,  conditions  of  ice  formation,  ice  salinity,  eto. 

This  indicates  that  one  must  select  with  care  the  values  of  ice 
characteristics  for  any  given  case.  Data  based  on  experiments  and  experi¬ 
ence  of  ice-crossing  operation  are  presented  in  the  following.  ,  tf 

Modulus  of  elasticity.  Prof.  B.  P.  Weinberg  recommended  for  fresh 
ice  a  value  for  the  modulus  of  elasticity  between  70,000  -  80,000  kg./sq.  .om. 
These  values  are  applicable  in  cases  where  the  loading  rate  does  not  cause 
plastic  deformation,  i.e.,  it  is  less  than  the  limit  of  ice  elasticity. 

These  values  cannot  be  used  as  calculated  for  cases  of  load  transportation 
over ‘an  ice  cover  when  the  bending  stress  is  considerably  more  than  the 
limit  of  elasticity.  Lower  values  of  the  modulus  of  elasticity  suggested 

graphically  (FJ.g.  2),  obtained  on  the  basis  of  experiments  in  the  Naval  Acade 

■% 

my  and  the  Science  Research  Institute  of  Hydrotechnology,  might  be  recom¬ 
mended  for  calculating  ice  crossings.  The  graph  has  2  parts.  In  the  lower 
part,  the  specific  load,  which  is  the  ratio  of  load  weight  to  ice  thick¬ 
ness,  and  the  duration  of  load  action  are  considered. 

The  former  value  is  given  along  the  ordinate,  the  latter  is  in¬ 
dicated  along  any  curve.  '  In  the  upper  part  of  the  graph,  ;a  system  of  lines 

Jt  ...  . 

for  different  ice  temperatures  are  pl«tt»$i'l  Calculations  of  ice  tempera¬ 
ture  were  made  according  to  coefficients  suggested  by  B.'P.  Weinberg  for 
reducing  Values  of  bending  stress. jto  a  given  levVl/of  temperature.  Thus, 
it  was  established  that  the  relative  variation  of  the  modulus  of  elasticity 


Modulus  of  lea  Elasticity  of  t  *  10* C 


Figure  2.  Variations  of  the  modulus  of  Ice 

Elasticity  (from  B.V.  Proskuriaov, 
N.N.  Petrunichev,  V.P.  Berdennikov) 


Figure  3.  Curves  for  calculating  fresh  ice  strength 


with  temperature  ia  the  same  as  the  variation  of  bending  stress.  This  solu¬ 
tion  is  approximate  but  ia  the  only  possible  one  because  experimental  data 
on  the  dependence  of  modulus  of  elasticity  on  ice  temperature  are  unavail¬ 
able.  Howevert  the  dependence  of  the  bending  stress  of  ice  on  temperature 
i 

has  been  studied  by  many  investigators . 

The  value  E  may  be  determined  from  graphs  as  follows.  The  specif¬ 
ic  loading  q  is  calculated  firs+  from  the  given  loading  rate  Q  and  ice 
thickness  H  by  the  formula  q  =  Q  tons/m.  Then,  the  point  intersection  of 
.  the  calculated  value  of  specif io^load  with  the  corresponding  curve, of  dura¬ 

tion  of  load  action  must  be  determined.  The  vertical  line  from  t>is  point 
upward  to  the  line  of  given  ice  temperature  will  show  the  value  of  modulus  E 
for  fresh  ice. 

The  lower  part  of  the  graph  takes  into  account  the  action  of  a 
standing  load,  the  duration  of  which  is  shown  along  the  curves. 

If  the  temperature  0  ■  0°G,  then  the  values  of  E  obtained  from 
the  graph  are  applied  for  cases  when  this  temperature  influences  the  ice  for 
not  more  than  1-2  days.  The  calculation  of  the  modulus  for  cases  of  ex¬ 
tended  warming  must  be  made  by  the  following  formulas 

E  -  (1  -  an)  B  ,  (lU) 

where* 

a  ■  decrease  of  modulus  of  elasticity  during  thaw 
weather  in  kg. /om. /days 

n  *  number  of  days  from  date  of  appearanoe  of  water 
over  ices 

E  “  value  of  lodulus  of  elasticity  determined  from 
0  graph  for  'Q  ■  0°C. 

It  is  possible,  as  a  first  approximation,  to  consider  a  »  0.05  " 
0.10,  using  the  first  value  for  case3  when  the  air  temperature  during  thaw 

j  weather  is  well  above  0°G  and  with  considerable  cloudiness  (little  sun- 

|  ,  shine),  and  the  second  value  for  cases  of  intensive  warming. 

i 
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Sea  ice  with  lower  strength  and  higher  elasticity  should  have  a  smaller 
modulus  than  fresh  ice.  It  it.  pos  •'  >’  *  to  take  this  into  account  as  fol¬ 
lows,  since  good  experimental  uati  are  riot  available  8 

E  salt.  a  (  l~U,ia)  E  ,  (15) 

wheres 

S  *  salinity,  p.p.m.  (°/oo) 

E  *  modulus  of  elasticity  for  fresh  ice,  determined 
as  shown  above. 

The  formula  is  applicable  for  S  ^  5“6  °/oo. 

With  a  given  ice  temperature  equal  to  8  °,  the  determination  of  E 
from  the  graph  must  oe  made  along  the  curve  for  a  temperature  equal  tot 

^ait  -  0  -  tQ,  (16) 

whe  re  t 


t  “  temperature  of  -water  freezing  with  the  salinity 

of  ice.  This  temperature  may  be  found  in  Table  1+ 


Table  4 

Temperature  of  salt  water  freezing 


'•Salinity  S  a  %o  0,5  1.0  1,5  2.0  3.0  4.0  5-0  10.0 

^ret&ing  temperature-0,03  “0.06  -0.08  -O.ll  -0.l6  “0.21  -0.27  ”  0.55 

t  ft* 

Data  on  ice  salinity  may  be  obtained  from  the  offices  of  the  Hy¬ 
drometeorological  Service,  or  Nbvy  (flotilla,  district). 

Bending  stress  of  ice.  Prof.  B.  P.  Weinberg  from  experiments  on 
fracturing  of  ice  samples,  determined  the  mean  ^alue  of  the  bending  stress 
at  8  ■  »3°C  equal  to  &  *  16.2  +  4*4  kg./sq o«uil  is  the  probable  error  of 

the  calculated  mean  value  or  tS  max’  *  16.2  kg.'/sq.cm. 
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Considering  this  probable  error,  the  calculated  value  d  at  ©  ■  -3°C  should 


be* 


11.8  kg. /sq.cm. 


W  ..7 

Calues  of  the  coefficient  K  ■  -  — -  - —  (where  ol  is  the  bending 

€%  ” 

stress  of  ice  at  temperature  6  ,  and  the  same  at  temperature  -3°C) 

suggested  in  Weinberg’s  book  "Ice"  may  be  used  to  account  for  the  tempera¬ 
ture  influence  on  ^  .  The  value  3*  m  is  calculated  for  any  temperature  ac¬ 
cording  to  the’  coefficient  K  fpr  various  ice  temperatures  and  the  value 
CJ  *  ■  11.8  kg./  sq.  cm.  Results  of  these  calculations  obtained  by  various 
investigations  are  shown  in  Pig,  3® 


The  tendency  to  have  a  safety  factor  in  calculating  ice-cross¬ 
ings  necessitates  the  vise  of  the  lower  curve  for  calculating  Cf  max.  In 
cases  of  important  transportation,  it  is  recommended  that  max  be  deter¬ 
mined  experimentally,  if  conditions  and  time  permit. 

The  relationship  shown  in  Fig.  3»  at  @  ■  0°C,C5  max  ■  7®0  kg./ 
sq.  cm.  or  70  ton*/sq.  m„ ,  i  s  valid  for  the  first  1-2  day-B  of  thaw  weather. 
If  the  thaw  weather  continues,  the  stress  diminishes  with  ice  in  a  melting 
states 

Then,  according  to  experiments  carried  out  by  M.  M.  Basin  and 
F.  I.  Bylov  during  melting  on  the  Svir  River,  and  by  M.  M.  Basin  in  Luga 
Bay,  Finland  Gulf,  it  is  possible  to  consider* 


max 


7®o 


an. 


(17) 


where* 

a  ■  decrease  of  ice  stress  in  kg./sq.om./dayj 
n  ■  number  of  days  during  thaw  weather  with  water 
over  the  ice  cover. 

M.  M.  Basin  found  the  following  values  for  shearing  strength, 
a  *  0.2  -  O.I4.  kg./sq.om./day  and  for  compressive  strength  a  -  1.0  -  2.0  kg./ 
sq.om./day.  Because  the  absolute  value  of  bending  strength  is  less  than 
the  value  of  compressive  strength  and  more  than  the  shearing  strength,  the 
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calculation  of  d  max  during  thaw  weather  might  be  made,  depending  on  the  in¬ 
tensity  of  warming  by  a  -  0.I4.  -  0,6  kg. /sq.cm.  /day. 

Consequently* 

C?  *  from  (7.0  -  O.Ipi)  to  (7.0  -  0.6n)  kg./sq.om.  (18) 
max 

The  strength  of  sea  ice  is  less  than  that  of  fresh  ice.  Oc¬ 
casional  data  suggests  the  following  approximate  relation  for  sea  ioet 

^  t  salt  "  ^  "  °*1  S^m,  (19) 

where* 

S  *  ice  salinity  in  °/ooj 

“  bending  stress  of  fresh  ice,  determined  by 
calculated  curve  in  Pig.  3* 

This  formula  is  valid  for  S  ^  5«6°/oo. 

M.  U.  Korunov  considered  the  bending  stress  of  sea  ice  2-3 
times  less  than  for  fresh  ice.  Formula  (19)  indicates  half  the  bending 
stress  at  a  salinity  of  about  50/00* 

Poisson's  ratio.  B.  P.  Weinberg  obtained  experimentally  the 
value  of  Poisson's  ratio  for  fresh  ice .<Q  «  O.36  *  0.13,  where  0.13  is  the 
probable  error  of  the  mean  value  ^  -  O.36.  The  recommended  value  for  cal¬ 
culation  ■  0.33  -  O.25  or  m  »  JL.  *  3“h» 

The  shear  modulus  according  to  B.  P.  Weinberg  ranges  from  20,000 
-  30,000  kg./sq.om. 

The  compressive  strength  of  ice,  according  to  numerous  experi¬ 
ments  (by  B.  P.  Weinberg,  for  the  upper  ice  layers  at  0  *  ~3°C )  and  com¬ 
pressive  stress  parallel  to  the  crystal  axis* 
d  parallel  *  33  kg./sq.om. 

and  with  compressive  stress  perpendicular  to  crystal 
axis*  d  perpendicular  *  25  kg./sq.  cm, 

and  last,  for  the  lower  layers* 

d  parallel  ■  31  kg./sq.  cm. d  perpendicular  =  20  kg./sq.  cm. 


18 


The  tensile  strength  of  ice  *  11.1  kg. /sq.cm. 

shearing  strength  ■  5,3  kg. /sq.cm, 
torsion  strength  “5*1  kg. /sq.cm. 

These  values  are  given  for  cases  of  standing  loads. 

Ice  thickness  and  temperature  distribution  in  the  ice  cover  are  also 
values  which  necessitate  calculations  in  addition  to  the  data  listed  above. 

Rating  ice  thickness.  An  ice  cover  formed  by  freezing  from  below 

- - - - -  f 

is  transparent  and  usually  has  a  homogeneous  structure.  Its  mechanical  pro- 
parties  are  similar  at  various  depths  if  the  temperature  conditions  are  simi¬ 
lar.  The  upper  layer  of  ice  is  less  transparent  when  freezing  occurs  not  only 
from  below,  but  also  water  freezes  at  the  top.  : '^Considering  that  the  upper 
layers  of  ice  work  on  compression,  and  that  the  compressive  strength  of  ice 
is  always  many  times  that  of  the  tensile  strength,  it  is ^necessary  to  use  as 

a  rating  value,  the  common  minimum  thickness  of  the  ice  and.  snow  ice  measured 

■  P 

on  the  ice-crossing  route.  Gases  often  occur  when  water  over  the  ice  cover- 

*■'  ‘ 

freezes  incompletely,  forming  some  water  layers  in  between.  Then  the  thick¬ 
ness  of  ice  without  these  layers  must  be  considered. 

Temperature  of  ice  cover.  The  temperature  of  the  ice  cover  varies 

0;\ 

continuously  according  to  meteorological  conditions  in  the^ViRper -  layers .  It 

is  possible  to  simplify  the  calculations  by  using  the  mean  temperature  for  a 

«  *; . 

period  of  similar  temperature  variations.  The  change  of  ice  temperatures 
might  be  considered  as  linear  from  0  C  in  the  lower  ice  surface  to  the  mean 

V  ■  f 

air  temperature  near  the  upper  surface. 

The  bearing  capacity  of  an  ice  cover  is  determined  by  the  strength 
of  its  lower  layer.  The  mean  temperature  of  this  layer  without  a  snow  cover 
is 

t  *  O.250insan.  (20.) 

if  the  temperature  of  the  upper  ice  layer  is  $  mean, -where  Q  mean 
is  the  average  air  temperature  for  a  time  interval. 
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In  the  presence  o.f  a  snow  cover  of  h 
proxiroation  can  be  used  i 

+  _  0.060  H 

+  0.25H 
cm. 


cm. 


depth,  the  following  ap- 


(21) 


ices 


The  coefficients  of  thermal  conductivity  in  this  formula  used  for 


A  ice  ■  2.0  kcal./m./hr./  C,  and  for  snow, 

X  snow  ■  0.25  kcal./m./4ir./°C. 

If  the  water  body  has  a  salinity  S°/oo,  the  ice  t  emperature  with¬ 
out  a  snow  cover  is  calculated  by  the  following  formulas 

t  **  0.25d  +  0.75  t  ,  (22) 

mean  o  ' 

and  with  a  snow  cover  by  the  formulas 

t  '  gh  °'25.HB.25H  ♦  0-75  t  ).  (£3) 

snow 

where  t^  is  the  -“•^"perature  of  the  v/ater  with  salinity  S  °/oo. 

The  temperature  of  the  air  and  the  ice  thickness  for  rating  period 
is  determined  from  forecasts  issued  by  the  Hydrometeorological  Service  of  the 
Red  Army. 
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Chapter  5 . 


NATURAL  ICE  BRIDGES.  REINFORCEMENT  OF  THE  ICE  COVER 

Ice  crossings  may  be  classified  according  to  their,  method  of  con-  •' 
struction  into*  a)  natural,  b)  reinforced  and  c)  crossings  with  superstructure. 

1.  Natural  ice  bridges. 

Natural  ice  bridges  are  the  simplest  and  require*  a)  regular  observa¬ 
tion  of  ice  conditions,  b)  the  systematic  removal  of  friable  snow,  which  slows 
traffio  and  ice  growth,  and  c)  the  improvement  of  approaches  and  exits.  A 
safe  crossing  during  snow  storms  requires  markers  along  the  roadway  during  the 
day  and  lanterns  at  night. 

"When  snow  is  removed  from  the  ice,  a  thin  layer  of  dense  snow  (about 
6-10  cm.)  should  be  left  to  aid  the  movement  of  traffic  and  prevent  damage  to 
the  ice  surface. 

Natural  ice  bridges  may  be  used  not  only  by  sleds  or  motor  vehicles, 
but  even  by  tanks  and  artillery,  provided  that  the  ice  oover  is  sufficiently 
thiok  and  air  temperatures  are  low  and  steady.  For  the  transportation  of 
heavy  loads  speoial  transport  apparatus  or  reinforcement  of  the  ice  crossing 
may  be  necessary. 

2.  Reinforcement  of  the  ice  cover. 

Ice  crossings  can  be  strengthened  up  to  a  oertain  limit  by  increas¬ 
ing  the  thickness  of  the  ice  cover  with  artificial  ice  layers.  Artificial 
ice  layers  are  used  with  or  without  other  reinforoement. 

The  oomplete  removal  of  snow  from  the  roadway  is  necessary  in  both 
cases.  The  cleared  area  is  covered  with  a  5  to  10  om.  layer  of  crushed  ice  and 
is  flooded  with  water  from  buckets,  pumps  or  fire  engines.  Snow  may  be  used  in¬ 
stead  of  crushed  ice.  In  this  case  the  snow  is  not  completely  removed,  and  the 
snow  layer  (3-1*.  cm*  thick)  is  flooded  and  frozen.  After  this  layer  is  frozen, 
it  is  covered  by  a  second  such  layer,  etc.,  until  the  ice  has  reached  a  prede¬ 
termined  thiokness  and  profile.  To  obtain  the  right  road  profile,  flooding 
and  freezing  should  be  done  from  the  middle  of  the  road  to  the  sides.  It 
should  be  remembered  that  looal  thickening  does  not  increase  the  bearing 
strength  of  the  ice  oover.  The  new  ice  should  be  evenly  distributed  along 
the  whole  crossing. 
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Additional  layers  oan  be  frozen  on  the  ice  crossing  at  temperatures  below 
-10°C  when  snow  is  used,  and  at  -5°C  or  below  if  crushed  ice  is  used.  Occasion¬ 
ally  it  becomes  necessary  to  raj se  the  level  of  the  roadway  above  the  ice  sur¬ 
face,  e.g.,  near  river  banks,  bridges,  etc.  In  these  cases  brushwood  is  used 
to  distribute  the  load  over  a  large  area. 

Layers  of  brushwood  or  dry  branches  3~h  cm.  thick  (straw  is  not  recommend¬ 
ed)  are  placed  on  the  ice,  covered  with  snow  and  flooded.  It  is  important 
that  separate  layers  freeze  together  well.  For  this  purpose  the  layer  should 
be  lightly  tamped.  Although  the  ice  produced  under  these  conditions  has  hori¬ 
zontal  stratifications,  its  strength  is  close  to  the  strength  of  natural  ice. 

The  duration  of  the  ice-thickening  process  is  the  same  for  both  methods 
(excluding  time  spent  in  transporting  brushwood).  Two  engineer  squads  using 
a  single  hand  pump  can  make  an  ice  layer  100  m.  long  and  10-15  cm.  thick  in 
2-3  hours. 

When  necessary,  for  very  important  ice  crossings,  metal  screens  or  cables 
can  be  used  as  reinforcements.  The  available  literature  does  not  show  that 
this  method  has  ever  been  actually  used  in  practice,  but  many  authors  recom¬ 
mended  it. 

The  deflection  curve  of  ice  within  the  elastic  limit  is  expressed  by  a  com¬ 
plicated  function.  Maximum  bonding  moment  occurs  in  ice  under  at  points  where  a 
breaking  should  be  first  expected.*  The  lower  part  of  the  ice  cover  is  under 
tensile  stress,  the  upper  under  compressive  force.  Because  of  the  low  tensile 
strength  of  ioe,  the  lower  layer  should  be  strengthened  by  freezing  a  metal  re¬ 
inforcement  into  the  ice  to  distribute  the  tensile  stress  over  a  larger  area. 

Theoretical  calculation  of  the  strength  of  reinforced  ioe  is  difficult  be¬ 
cause  the  strength  of  the  metal- ice  bond  is  unknown.  However,  one  may  assume 
that  the  screen  or  cable  carries  a  part  of  the  tensile  stress  and  thus  dimini¬ 
shes  the  stress  on  the  ice  cover.  Used  cable,  wire  (barbed  or  not),  etc.  may 
be  utilized  for  this  purpose. 

It  is  easier  to  prepare  the  wire  screen  in  small  sections  2.0x2.0  m.  long 
and  then  fasten  them  together.  The  interstices  should  be  1  m.xl  m.  in  cable 
mesh  and  npt  more  than  o,5xO,5  m.  in  wire  mesh.  To  strengthen  the  reinforce¬ 
ment,  polef  are  fastened  to  the  wi^-e  screens  and  frozen  into  the  ioe. 

Editor's  note:  This  sentenoe  printed  as  translated,  but  meaning  not  olear 
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Good  results  are  obtained  with  this  method,  as  was  shown  during  the  defense 
of  Leningrad  in  the  winter  of  where  one  ice  crossing  was  reinforced,  A 

tank  orossing  the  ic©  caused  it  to  break  near  a  shell  crater,  cables  frozen  into 
the  ice  along  and  across  the  ice  crossing  prevented  the  tank  from  sinking  too 
quiokly,  thus  enabling  the  driver  to  escape. 

Artificial  ice  layers  wi.th  or  without  reinforcement  are  in  most  cases  the 
easiest  means  of  strengthening  ice  especially  during  periods  of  thin  ice  cover. 
However,  there  is  a  limit  to  the  amount  of  artificial  ice  that  can  be  used; 
after  this  limit  has  been  reached,  the  lower  ice  surface  starts  to  melt. 

The  interrelation  between  ice  thickness  at  a  fixed  temperature  and  heat  ex¬ 
change  between  the  lower  ioe  surface  and  the  water  determines  the  thickness  limit. 
Theoretical  calculations  show  that  it,  is  not  necessary  to  determine  the  thickness 
limit  of  the  additional  layer  if  the  moan  speed  of  water  flow  is  less  than  O.I4- 
0,5  m./sec.  The  melting  of  ice  from  below  and  mechanical  ice  destruction  become 
hazards  only  when  speeds  are  Fbovw  i:he  indicated  values.  Because  the  majority 
of  water  currents  are  slowest  in  winter,  it  is  not  necessary,  as  a  rule,  to 
limit  the  thiokness  of  artificial  layers. 

An  equation  to  determine  the  optimum  thickness  of  additional  ice  layers  at 
speeds  of  flow  more  than  0.I4.-O.5  m./sec.  is  derived  in  the  paragraphs  that  fol¬ 
low. 

Diminishing  ice  thickness  as  a  function  of  speed  of  flow,  without  cooling 
from  above  may  be  expressed  by  the  equation: 


where 


dh 

"W 

1 

v 

A 


dh 


(126) 


derivative  of  ioe  thickness  and  time 
speed  of  flow  in  m./sec. 

ooeffioient,  which  may  be  considered  as  equal  to  1 
coefficient  of  Chezy 


C  -  -  R 

n 


1/6 


(127) 


Aooording  to  the  formula,  ioe  is  thinner  in  rapids,  whioh  have  higher  rough¬ 
ness  coefficients  and  aooordingly  lower  values  of  C,  even  at  the  same  speed  of 
flow  as  in  a  level  stretoh  of  water.  There  the  ioe  oover  is  unstable  and  its 
use  for  orossing  is  dangerous. 


Considering  that  the  traffic  lane  of  the  ice  crossing  is  kept  snow- 
free,  the  intensity  of  ice  growth  is  determined  by  the  following  equation 
(assuming  that  the  temperature  of  ice  formation  is  equal  to  0°)t 


dh  A  Q 

TSTT 


I 


(128) 


where*  @  ■  temperature  of  the  upper  ice  surface,  considering  it,  in  the 
first  approximation,  equal  to  air  temperature 
^ ■  coefficient  of  heat  conductivity  of  ice 
L  and  S  *  density  and  melting  point  of  ice. 

If  timet  is  expressed  in  days  and  H  in  cm,  then  the  coefficient  of 
heat  conductivity  X  is  equal  to  14.92,  Let  S  *  80,  and  L  -  0.9*  then* 

dh  ,  A  o,  6 

I*  6,83  T  (129) 


The  combinations  of  equations  (126)  and  (129)  gives t 


H 


6,83  8C2 

563 


0.01213 


(130)* 


The  last  equation  makes  it  possible  to  determine  the  practical  ice- 
thickness  limit  of  the  addon  frozen  layer. 

The  above  relationships  are  derived  under  the  assumption  that  the  ice 
surface  is  free  of  snow. 

When  the  snow  has  not  been  removed,  the  limit  of  ice  thickness  is 
lowered  because  the  intensity  of  heat  flow  through  the  ice  cover  diminishes 
according  to  the  proportion* 

1  +  -M— |  (sic)  (131) 

where*  *ndXg^*  coefficients  of  heat  conductivity  of  ice  and  snow 
h  ■  snow  depth  over  ice 
H  ■  ioe  thickness 

whioh  practically  diminishes  the  diminishes  the  ioe  thickness  value  from  2 
to  10  times. 

As  to  the  decrease  in  the  bearing  oapacity  of  ice  produced  by  the 
added  layers,  there  are  no  reliable  data  in  the  literature  and  this  problem 
has  been  solved  only  very  superficially. 

*  Editor*  s  noter  The  *&.*  in  this  expression  is  apparently  a  mis  sprint  and 
should  be  "JA  ", 


Major  General  Khrenov,  in  a  manual  of  military  engineering,  proposed  the 
following  formula? 


where? 


H  -  0.5  (h2  +  kx  kg  ,  (1J2) 

H  *  ice  thickness 

hl-  thickness  of  the  transparent  ice  layer  in  its  natural  state 


hg»  thickness  of  the  opaque  layer 

hj*  thickness  of  the  additional  frozen  layer 

kq»  structure  coefficient  equal  to  1  with  conchoidal  and  to  2/3 
with  needle  structure 

kg*  thermal  coefficient,  equal  to  1  at  air  temperatures  below  the 
f .  p.  and  to  1/5  at  air  temperatures  above  the  f.p. 

Correction  coefficients  used  in  this  formula  presuppose  the  presence  of 
a  linear  relation  between  the  ice  temperature  and  the  ice-cover  thickness 
needed  ,  which  does  not  exist  in  reality.  The  author  assumes  that  the  added 
frozen  layer  on  the  traffic  lane  is  capable  of  supporting  an  additional  load 
equal  to  what  natural  ice  of  half  this  thickness  can  bear.  This  proposition 
was  never  verified  either  experimentally  or  theoretically. 

It  is  obvious  that  the  bearing  capacity  of  ice  crossings  with  added 
layers  does  not  equal  that  of  anatural  ice  cover  as  thick  as  the  ice  crossing 
after  additional  freezing.  The  increase  in  the  bearing  capacity  is  determined 
by  the  width  and  thickness  of  the  additional  layer.  An  attempt  to  determine 
the  degree  of  bearing-capacity  increase  5s  presented  below,  using  approxima¬ 
tions. 

Let  us  imagine  the  traffic  lane  on  the  ice  crossing,  where  ice  layers 
are  added,  as  a  separate  unit.  Before  additional  freezing,  a  portion  of  the 
load  was  carried  by  the  lateral  parts  of  the  5.ce  crossing.  Let  us  assume  that 
even  after  an  additional  strip  of  ice  has  been  added  in  the  center  of  the  road, 
the  load  oh  the  lateral  part  has  remained  unchanged  and  the  bearing  capacity  of 
the  ice  increases  only  because  of  the  additional  thickness  of  the  layer.  Then 
it  is  possible  to  consider  this  strip  as  a  beam  on  an  elastic  foundation. 


-85“ 


The  increase  of  the  deflection  line,  incases  of  even  load  distribution 
along  tha  beam,* **  s  length  may  oe  expressed  by  the  following  equations 


ft 

y  '  aP 


j^_€-£(f+x)  cos>0S(|  +  x)  .. 


.  e  >(I“x)  coSye  (|-  x)  j  . 

Taking  tho  first  derivative  with  respect  to  x,  we  have: 

*  5*1^  j®  ^  +  X)  cosyg  ($  +  x)*  +e^  'X)#*  sin)9(|  +  x) 

(13W 


(133) 


,e-^(f  -  x)  OOB^.(|  m  x)  _6-^|  “  x)  sin/3(f  -.x)l  , 
Taking  the  second  derivative  with  respect  to  x,  we  have: 


i 


2  . 


.  e  "*(I +  x) 


£ 

+  x)  - 


_e  2 


^  sinj5(f  "  x)] 


where?  y  *  value  of  deflection 
x  *  length 
Q  =  load  intensity 


# 


K 

W 


(135) 


K  *  road-bed  coefficient 

The  deflection  moment  has  a  maximum  value  in  the  center  of  load  applica¬ 
tion  and  equals?  0  ^ 


M-Bigt-e-#!  Einfi 


(136) 


*  Translator's  notes  Omission  in  book  « 

**  Editor's  note:  The  exponent«‘£('|  -  x)  should  read  T®<2  *  *) 
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Maximum  stress  is  determined,  as  is  known,  from  the  ratio: 


W 


(137)* 


where*  W«beam-stretch  moment,  equal  for  a  rectangular  cross  section  to: 
h2 

Z 


Thus*  , —  d 

gJ-*  3.U7YEQ  mjSZ  .  cJk 

8  2 


(158) 


Considering  that  g  is  the  approximate  radiup  of  load  distribution  we  have* 

d  m  slnfiir.  (139) 

"Vk  r  Yh 

or  with  reduction  to  the  formula  (71)  for  a  plate* 

d  YT  r2  Yh  1 

^  ZMW  e  'A*  sin/3  r  ( ll+O) 


If  tons  and  meters  are  used  as  units  Y K  equals  1,  then* 

1 

e  ">^r  siny5r 


,  £  r2Vh 

V  o757W 


In  equation  (71)  the  value 


l.k/S7. 


2  v 

mr  .•  > 


12  ;m2-i 


(lid) 


(1142) 


In  equation  (II4I)  the  value 


/».T 


12 


Bh^ 


(H3)* 


*  See  note  on  following  page 
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♦Editorial  Note* 

Equation  (ll|.3)  gives  the  value  of 

solving  equation  (137)  and  for  all  equations  relating  to  ( 137) •  Tables  11 
and  12  are  a  direot  result  of  equation  (137)  in  its  expanded  form.  It  is 
noted  that  there  is  an  apparent  inconsistency  between  the  value  of  JS  as 
defined  immediately  following  equation  (135)  ®nd  the  value  defined  by 
equation  (11+3).  Equating  the  two  values  in  question* 


r, 

3  aa  y - sr 


This  value  is  used  in 


Eh> 


The  least  moment  of  inertia  possible  for  a  rectangular  oross  seotion  is 
bh^ 

For  the  computed  value  of  I  above  to  be  valid,  the  value  of  b 


I  - 


12 


must  be  l/l*.  No  such  assumption  is  recorded  in  the  text  and  no  logioal  - 
reason  is  apparent  for  assuming  such  a  relationship.  Without  clarifica¬ 
tion  of  this  point.  Tables  11  and  12  should  be  used  with  caution. 


28 


/ 


Thus,  for  brevity,  it  is  possible  to  say  that* 


--MT - 

e  ^  sixi^r 


*  <!>•  * 


cm 


then* 


Q  . 


d  rgV~h  1 

0.87  Yzj'(j') 


(li*5) 


with  increased  ioe  thickness  from  hg  to  hj,  the  bearing  capacity  of  the 


ioe  increases* 


A  Q  **. 


4t2/ r2 


dr2/^" 


0.87 yT <p2  (j)  0.87 


(II46) 


or  the  relative  increase  of  the  bearing  capacity  in  relation  to  the 
initial  capacity,  according  to  equation  (71)  ist 


5 


(H*7) 

The  function  tfr  (^-),  like  Cg  (j-),  is  a  periodio  function.  Its  values 
are  given  in  Table  12,  Index  2,  with  the  functional  symbol  f)  ,  shows 

that  the  function  is  determined  for  hg  and  index  *  1  for  hj.  The  func¬ 
tion  Cg  (~)  is;  Calculated  in  equation  (ll+7)  for  ice  thickness  hj_. 

A* 


Values  of  ^  (£)  and  —— 

l 


are  given  in  Table  11. 


*  In  view  of  the  development  it  appears  that  this  substitution  should 
read  Q  r  sin^r  -  if)  (*■) 


29 


Table  11 


r 

I 

r 

l 

“TP* -  ' 

V 

l 

f<b 

0.05 

0.0i477 

20.90 

0.50 

0.291 

3.^5 

1.0 

0.310 

3.23 

0.10 

0.0903 

11.00 

0,60 

0.308 

3.25 

1.1 

0.300 

3.33 

0.20 

0.167 

6.00 

0.70 

0.320 

3.13 

1.2 

0.280 

3.57 

0.30 

0.221 

h.5h 

0.80 

0.322 

3.11 

1.3 

0.261 

3.80 

0.1*0 

0.261 

3.83 

0.90 

0.318 

3.15 

i.U 

0. 1LU4. 

1+.12 

0.225 

_U*5_ 

According  to  equation  (ll+T)  "the  relative  increase  in  bearing  capacity  of  the 
crossing  depends  on  the  load-distribution  radius,. or,  corresponding  to  conditions, 
on  the  width  of  the  additional  ice  strip  and  initial  and  resulting  ice  thickness. 

The  values  of  the  relative  increase  in  bearing  capacity,  expressed  in  percentage 
of  the  initial  bearing  capacity,  are  given  below  (see  table  12). 

Increments  in  ice  bearing  capaoity  for  strip  widths  other  than  those  given 
above  can  be  obtained  by  interpolation.  Tables  show  that  adding  ice  is  less  ef¬ 
fective  than  was  assumed  The  increase  in  the  bearing  capacity  by  widening  the 

strip  is  characterized  by  a  curve  which  levels  off.  After  reaching  a  certain  width, 
further  increase  in  width  produces  only  a  slight  increase  in  bearing  capacity. 


**  This  symbol  omitted  in  original  text. 

Footnote?  l)  When  using  the  tables  it  should  be  remembered  that  the  percent  of 
increase  is  calculated  in  relation  to  the  bearing  capacity  of  the  natural  ice  cover 
and  load  distribution  along  a  radius  equal  to  half  the  thickness  of  the  added  layer. 
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Table  12 


Increase  in  bearing  capacity  of  the  ice  cover  by  additional  freezing  along 

the  traffic  lane 


Initial  Ice 
thickness 
in  cm. 

Final  Ice 

Thickness 

10 

20 

50 

Uo 

50 

6o 

70 

80 

90 

100 

Increase  in  Bearing  Capacity  of  Ice  in  ® 

/ox 

Width 

of  Additional  Ice 

Layer 

2  m. 

10 

0 

29 

U 2 

20 

0 

a 

16 

25 

35 

Uo 

0 

2 

U 

7 

9 

11 

12 

6o 

2 

3 

u 

5 

Width 

of  Additional  Ice  Layer  U  su 

10 

0 

2U 

52 

20 

0 

10 

21 

33 

U6 

Uo 

0 

U 

8 

12 

17 

22 

27 

6o 

0 

3 

5 

8 

10 

Width 

of  Additional  Ice  Layer 

8  m. 

10 

0 

0 

0 

20 

0 

8 

19 

31 

U7 

Uo 

0 

7 

12 

19 

25 

31 

35 

60 

_ 

0 

U 

7 

10 

13 

The  above  calculations  are  given  for  fresh  ice.  Sea  ice  is  weaker.  On 
the  basis  of  observations 3  A,  M,  Batalin  considers  the  additional  ice  layer 
useless  for  operations  during  the  first  and  even  second  day  of  its  formation. 
During  this  period  it  is  similar  to  wet,  compact  snow  into  which  cramped  iron 
penetrates  easily.  Only  on  the  third  day  and  later  does  its  strength  reaoh  a 
normal  value  (in  Amur  Bay  from  5“5  kg/sq,  om, ),  Added  layers  of  sea  ice  dimi¬ 
nish  the  strength  of  lower  ice  layers  because  the  salt  solution  seeps  through. 
All  this  indicates  that  the  above  calculations  are  not  applicable  to  sea  ice 
and  the  usefulness  of  added  ice  becomes  doubtful  in  a  number  of  cases. 

The  time  needed  to  freeze  an  additional  ice  layer  of  a  precalculated  thick¬ 
ness  may  be  determined  by  heat  conductivity  equations  for  plate  cooling.  The 
amount  of  heat  lost  by  a  plate  to  ambient  air  is  determined  from  the  following 
equations  <1  *°c(0  -  t)T (lU8) 
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Table  12 


Increase  in  bearing  capacity  of  the  ice  cover  by  additional  freezing  along 

the  traffic  lane 


Initial  Ioe 
thickness 
in  cm. 

Final  Ice 

Thickness 

10 

20 

30 

4o 

50 

6o 

70 

80 

90 

100 

Increase  in  Bearing  Capacity 

of  Ioe  in  °/ot 

Width 

of  Additional  Ice 

Layer 

2  m. 

10 

0 

29 

42 

20 

0 

8 

16 

25 

35 

l+o 

0 

2 

4 

7 

9 

11 

12 

60 

2 

3 

4 

5 

Width 

of  Additional  Ice 

Layer  4  m. 

10 

0 

24 

52 

20 

0 

10 

21 

33 

46 

40 

0 

4 

8 

12 

17 

22 

27 

6o 

0 

3 

5 

8 

10 

Width 

of  Additional  Ice 

Layer 

8  m. 

10 

0 

0 

0 

20 

0 

8 

19 

31 

47 

ho 

0 

7 

12 

19 

25 

31 

35 

60 

0 

4 

7 

10 

13 

The  above  calculations  are  given  for  fresh  ice.  Sea  ice  is  weaker.  On 
the  basis  of  observations ,  A,  M,  Batalin  considers  the  additional  ice  layer 
useless  for  operations  during  the  first  and  even  second  day  of  its  formation. 
During  this  period  it  is  similar  to  wet,  compact  snow  into  whioh  cramped  iron 
penetrates  easily.  Only  on  the  third  day  and  later  does  its  strength  reach  a 
normal  value  (in  Amur  Bay  from  3-5  kg/sq,  cm.).  Added  layers  of  sea  ioe  dimi¬ 
nish  the  strength  of  lower  ice  layers  because  the  salt  solution  seeps  through. 
All  this  Indicates  that  the  above  calculations  are  not  applicable  to  sea  ioe 
and  the  usefulness  of  added  ice  becomes  doubtful  in  a  number  of  cases. 

The  time  needed  to  freeze  an  additional  ice  layer  of  a  precalculated  thick¬ 
ness  may  be  determined  by  heat  conductivity  equations  for  plate  cooling.  The 
amount  of  heat  lost  by  a  plate  to  ambient  air  is  determined  from  the  following 
equations  <£  »<x(0  -  (l48) 
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where*  ft  ■  air  temperature 

*  ■  plate  temperature 
**  *  coefficient  of  heat  conductivity 
F  ■  oooling  surface 
»  time 

The  amount  of  heat  lost  to  water  poured  over  the  ice  may  be  expressed 
by  the  same  equation.  Considering  that  the  temperature  of  water  poured  over 
ice  is  0°  and  the  surface  heat  loss  is  accompanied  by  the  liberation  of  the 
latent  heat  of  free sing,  we  have* 

CCS'X-  720H  (1U9) 

On  the  left  side  of  the  equation  the  heat  flow  is  given  for  1  sq.m,  of  sur¬ 
face,  H  ■  ice  thiokness  in  om. ,  and  CC  -  coefficient  of  heat  conductivity  in 
kg.oal./sq.m.^iour  °C. 

Solving  the  last  equation  for  H,  we  getr 

H  -  (150) 


The  coefficient  of  heat  conductivity  OC  ,  with  wind  speed  taken  into  account, 
will  bet 


(28+  ft  )  -y/v  +  0.5. 

Substituting  in  equation  (150)  _  Q  (26+  Q  ) 


72CT 


(151) 

(152) 


This  equation  ia  applicable  only  to  a  thin  layer  of  water.  If  the  thiokness 
of  the  water  layer  is  more  than  a  few  cm.  ,ioe  formation  is  retarded,  which 
is  not  desirable.  Table  13  is  oompiled  according  to  equation  (132).  ' 


Table  13 


Thiokness  of  ioe  formed  by  free sing  within  1  hour 


Wind 

Air  Temperature  in  °C 

Speed 

-u 

-5 

-10 

-15 

1 

-20 

-25 

-30 

Thickness  of  Ice  Formed  in  1  hr.  in  cm. 

0 

0 

0 

0.5 

1.0 

1.5 

2.0 

2.5 

1 

0 

0 

0.5 

1.0 

1.5 

2.0 

3.0 

3 

0 

0 

1.0 

1.5 

2.5 

3.5 

h.5 

5 

0 

0 

1.0 

2.0 

3.0 

U*o 

5.5 

7 

0 

0.5 

1.5 

2.5 

3.5 

5.0 

6.5 

10 

0.5 

1.0 

1.5 

3.0 

U*5 

6.0 

8,0 

52 


These  values  are  applicable  to  fresh  water  only,,  Ice  formation  from  salt 
water  depends  on  more  complicated  relations.  The  use  of  salt  water  to  increase 
the  bearing  capacity  of  the  road  is  not  permissible  because  of  its  low  strength. 

The  values  presented  in  table  13  agree  well,  at  low  wind  speeds,  with  ob¬ 
servations  made  by  M„  M.  Korunov  on  the  speed  of  additional  freezing.  Korunov 
proposed  the  following  formula? 

r  .  790H  (153) 

e 

where  X,  is  expressed  in  min.,  H  in  cm.  and 0  in  °C. 

3.  Superstructure  of  ice  crossings. 

Ioe  crossings  with  superstructures  are  used  to  prevent  the  ice  surface 
from  being  crushed  or  when  it  is  impossible  to  increase -the  thickness  of  the  ioe 
by  adding  ice  (particularly  at  air  temperatures  above  -IOOC). 

Protective  layers  are  intended  for  pedestrian  traffic  or  for  wheeled, 
motorized  or  caterpillar  traffic.  A  footpath  for  pedestrian  traffio  is  oonstruoted 
when  there  is  water  over  the  ice  or  if  there  is  danger  that  the  ioe  might  break. 

For  temporary  crossings,  dangerous  areas  are  oovered  with  poles,  planks  or  other 
wood.  For  permanent  ioe  crossings  it  is  better  to  lay  planks  over  beams  or  short 
rods.  Planks  are  fastened  to  oross  beams  with  nails.  The  interval  between  beams 
muat  be  such  that  plank  defleotion  under  human  weight  is  insignifioant.  The  width 
of  the  footpath  must  be  sufficient  for  two-lane  pedestrian  traffio.  Posts  are 
fastened  to  oross  beams  on  one  side  of  the  path.  Poles  or  ropes  are  used  as  rail¬ 
ings.  For  illumination  at  night,  lanterns  and  electrio  bulbs  are  suspended  on 
P  form  posts. 

Similar  footpaths  are  found  in  cities  and  villages.  Pedestrian  orossings  in 
zones  of  military  operations  are  temporary  and  permanent  paths  are  seldom  built. 

Proteotive  roadway  surfaces  for  motorized  or  oaterpillar  traffio  are  not 
built  along  the  whole  stretoh,  only  at  approaches  to  orossings,  over  fissures,  eto. 
The  roadway  surfaoe  is  oonstruoted  from  planks  for  motor-vehicle  traffio  or  from 
slabs  for  oaterpillar  traffio  and  is  plaoed  on  thiok  longitudinal  poles  or  beams, 
frozen  into  the  ioe.  The  spaoes  between  the  beams  are  filled  with  snow  or  orushed 
ioe  and  flooded.  Roadway  surfaces  for  wheeled  and  oaterpillar  traffio  should  be 
oonstruoted  from  slabs  with  their  flat  surface  upwards. 


Foundation  beams  are  placed  close  together  under  the  wheel  or  caterpil¬ 
lar  tracks  and  some  distance  apart  in  the  middle  of  the  road.  For  a  roadway 
I4.  m.  wide,  with  planks  5  cm.  thick  and  beams  20  cm.  in  diam. ,  it  is  sufficient, 
for  car  and  truck  traffic,  to  space  7  longitudinal  beams  at  the  following 
distances  from  the  outside  edge  of  the  roadway? 


axis 

of 

1st  beam 

m 

0.10 

m. 

from 

the 

edge 

■ 

tt 

2nd  beam 

m 

0.75 

m. 

ti 

it  ‘ 

tt 

» 

tt 

3rd  beam 

m 

1.25 

m. 

n 

tt 

ti 

If 

n 

Uth  beam 

m 

2.0 

e 

« 

tt 

tt 

ft 

n 

5th  beam 

m 

?*75 

me¬ 

n 

it 

tt 

ft 

ft 

6th  beam 

m 

3.  *5 

in  e 

ft 

w 

tt 

ft 

tt 

7th  beam 

m 

3.90 

m8 

tt 

it 

it 

The 

distribution 

of  beams 

is  shown 

schematically  in  fige  2i*«  The  distance 

between  beams  should  be  shortened  if  thinner  planks  are  used. 

The  surface  material  Is  fastened  to  the  beams  with  nails,  and  curbs  are 
added. 


Superstructures  for  the  reinforcement  of  ice  crossings  must  meet  the  follow¬ 
ing  specifications? 

a)  They  must  distribute  the  load  on  the  ice  cover  over  a  precalculated 
radius. 

b)  They  must  have  the  least  weight  and  have  the  required  hardness*. 

c)  They  must  be  simple  and  easy  to  construct,  if  possible,  from  local 
materials. 

Fig.  2l+,  Cross-sectional  diagram  of  the  flooring  of  an  ioe-crossing  super¬ 
structure 
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*  Editorial  Note*  The  term  ‘"hardness*  as  used  in  this  chapter,  is  more 
rectly  expressed  .as  "rigidity". 


cor- 


The  radius  of  load  distribution  is  determined  as  follows.  Let  us  sup¬ 
pose  that,  according  to  specifications,  the  ioe  crossing  must  be  calculated 
for  a  30  ton  load  over  a  35  om.  ioe  cover.  Then  it  is  possible  to  use  a 
oonstant  value  for  the  modulus  of  elasticity.  If  we  consider  this  value 
as  being  3  x  10^  ton/sq/m.  and  Poisson’s  coefficient  as  then  value  i.  , 
according  to  formula  (69)*,  must  beg: 

.  5.9 ». 


12  8 

If  we  turn  to  formula  (71),  first  of  all  let  us  consider  the  allowable 
stress*  Let  us  suppose  that  the  indicated  loads  would  be  oarried  at  air 
temperatures  not  higher  than  -10°.  Thus  ^ max»  according  to  graph  3*  Must 
be  112  ton/sq.m.  Substituting  into  formula  (71)  the  known  values,  we  have: 

ko  -  112  t^35x0.7O7r2  -2 


** 


/3x10k  c2  (j)  5  c2(f) 


-  96.5 


Approximations  are  used  for  further  solution.  If  we  assume  that  r  ■  5  m» » 
thenCjj-)  ■  O.8I43.  According  to  the  table  giving  C2  values,  Cq  ■  0.295* 

Thenr  r2 


C2  (4)  r-5 


-  85.8 


Consequently,  the  radius  of  distribution  must  be  greater.  Let  us  sup¬ 
pose  that  r  *  6  m. ,  then? 

r2 

- L. —  -  10U, 

°2  (|}  r“6 

i,e.,  the  value  is  sufficiently  cIobs  to  the  required  radius  of  distribu¬ 
tion.  For  r  ■  5.5  m.? 

r2 

nr 

c2  r  -  5.5 

Thus  r  ■  5*5  m.  is  selected  for  further  calculation.  The  problem  now  is 
to  determine  the  hardness  of  the  construction  necessary  for  a  required  load 
distribution. 

.  n  n  /m2  Bh^ 

VX-Y  12552=17 

**  1|0  appears  to  be  an  error  in  printing]  should  be  30  in  order  to  ob¬ 

tain  the  results  shown. 
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Load  intensity  is  determined  from  the  equation* 

■  301*5.  £  ■  °-517  m. 

Then  the  equation  for  ice-cover  deflection  under  load  must  be* 

Y  -  0.317  [l+CjZ],  M+C2Z2  (oc)] 

Ice  Deflection  at  two  points,  in  the  center  of  load  distribution  and  at  a  dis¬ 
tance  of  5.5  m»  from  it,  is  determined  as  follows*  The  integration  constants 

0,927  are,  respectively* 

Ci  -  -0.733,  c2  -  0.329 

whereg,  x  =  0;  Zi(oc)  -  1.0;  12  (09)  -  0 
where 8  x  -  5,5  m0j  Zj  (oc)  -  0,989s  Z2  (o< )  -  -0.215; 
y.;  -  0.317  (1-.733)  *  O.O85  m.; 

.y{.,,  =  0.317  (1-0.725=0.072)  -  0.065  m. 

The  difference  in  deflection  of  the  two  points  is  0,020  or  ^  2  cm. 

Considering,  approximately,  that  the  hardness  of  the  bridging  materials 
is  equal  to  that  of  the  beam,  5«5  m»  of  which  is  fastened,  and  the  load  pro¬ 
portionally  distributed,  we  get  a  maximum  deflection  of  2  cm.  This  results 
from  an  analysis  of  the  joint  action  of  the  superstructure  and  the  ice  cover. 
If  the  load  is  located  at  point  A  (fig.  25) »  the  ice  cover  exerts  its  pres¬ 
sure  on  the  superstructure  in  an  upward  direction.  In  order  that  the  load  be 
distributed  proportionally,  the  ice  cover  deflection  thould  equal  that  of  the 
superstructure.  The  load  should  be  distributed,  according  to  specifications, 
along  a  radius  not  less  than  5. 5  ra".°  or  along  a  beam  1  m.  wide  and  not  less 
than  11  m.  long.  Then  the  load  center  can  be  considered  as  a  support  at  a 
point  and  the  action  of  the  ice  cover  as  the  deflecting  force. 


t 

Fig,  25» 1  Scheme  of  the  pressure  exerted  by  the  ice  cover  on  the 
superstructure 


and  C2  for  <X  -  _ 
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**  The  following  equation  determines  the  maximum  deflection  of  a  canti¬ 
lever,  loaded  unifromlv  . 

'  ,r'> 

y  -  ~TopT—  ®*  d5U) 

Substituting  numerical  values,  we  gett 

p  .  msA  © 


Thus* 


18EI  0 
El  =  1.81xl08. 


If  modulus  of  elasticity  of  wood  E  =  100,000  kg./sq.cm. ,  then  moment  of  inertia* 


I  «=  1.8lxl02  © 

The  height  of  th  '  whole  Superstructure  is  determined* 

1.81x103  -  © 

id  • 


h  *  28,0  cm. 

It  is  sufficient  to  determine  the  hardness  of  the  bridging  materials  in  order 
to  select  the  type  of  superstructure  needed.  In  the  above  case,  a  simple 
roadway  surface  from  beams  is  obviously  sufficient.  Because  the  specified  con¬ 
ditions  require  an  even  load  distribution  along  and  across  the  roadway  it  is 
necessary  to  build  a  double  structure  with  beams  along  and  across  the  traffic 
lane. 

Thus,  girders  and  foundation  beams  can  be  spaced.  Girders  should  be  spaced 
wider  in  the  middle  of  the  road  and  cloase  together  under  the  wheel  tracks. 
Wooden  plates  or  thick  planks  are  used  for  flooring  and  curb  construction.  A 
typical  beam  arrangement  is  shown  in  fig.  26.  It  must  be  remembered  that  the 
hardness  at  any  point  in  the  superstructure  must  not  be  below  the  calculated 
value.  Thus,  butts  should  be  connected  in  dovetail  fashion  and  jointB should 
bend  easily.  Foundation  beams  should  be  fastened  to  girders  with  bolts,  etc. 
After  the  construction  plan  has  been  worked  out,  the  calculations  should  be  re- 
oheoked,  taking  also  into  account  the  weight  of  the  structure. 


*  Translator^  note*  Corrected  according  to  the  errata  list 

♦*  Editorial  note*  The  following  is  a  list  of  apparent  printing  errors  on  this 
page  as  shown  by  circled  numbers  * 

5)  should  be  8BI  (0  should  be 

©  should  be  5.5^  ©  should  be 
( 5 )  should  be  8 
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The  above  case  was  based  on  the  assumption  that  it  is  possible  to  distri¬ 
bute  the  load  evenly  along  and  across  the  entire  crossing.  The  hardness  of  the 
structure  has  been  calculated  accordingly.  However,  in  some  cases,  especially 
if  the  radius  of  load  distribution  is  very  great,  it  is  difficult  or  even  im¬ 
possible  to  reach  an  even  hardness  across  the  road.  In  this  case  a  decrease  in 
the  width  of  the  superstructure  would  make  possible  a  more  even  load  distribu¬ 
tion  along  the  crossing. 

The  necessary  increase  in  lengthwise  load  distribution  is  determined  from 
the  following  relation? 


1 


I 


where?  Jl  *  needed  lengthwise  load  distribution 
=  transverse  load  distribution 

i  r  «  load  distribution  radius,  determined  from  formula  (7l)» 

In  order  to  find  the  hardness  of  the  superstructure  it  is  necessary  that 
the  deflection  of  the  superstructure  and  the  ice  cover  be  equal  at  a  distance 


l 


and  not  r. 


Consequently,  in  formula  (15I+),  x  is  substituded  by 


thus 


the  hardness  and  the  required  moment  of  inertia  increase,  making  it  imperative 
to  increase  the  height  of  the  structure.  The  use  of  more  than  5  layers  of  beams 
is  not  recommended  because  then  the  structure  becomes  too  heavy.  Thiis ,  when  cal¬ 
culations  show  that  a  3-layer  structure  is  not  sufficient  it  is  possible  to  use 
a  timber  frame.  To  calculate  the  timber  frame  deflection  an  approximate  method 
can  be  used,  recommended  by  Professor  Paton,  where  the  frame  is  considered  as  a 
wall,  weakened  by  apertures.  In  this  case  all  formulas  used  for  beams  are  ap~ 

Pi  icable  to  the  timber  frame.  The  moment  of  inertia  of  the  upper  end  lower 
timbers,  if  cross  sections  are  equal,  must  be  approximately? 

I  =  2F(|}2  -  T|2  (156) 


where?  F  *  cross  section  of  the  timbers 

h  *  height  in  the  center  of  the  frame,  determined  by  the  centers  of 
gravity  of  the  timbers. 

Here  we  neglected  the  momeht  of  inertia  of  the  cross  section  of  the  timber 
in  relation  to  its  neutral  axis.  If  cross  sections  of  individual  timbers  vary. 


then  the  w nu' "it  of  inertia  should  be  considered  as  the  sum  of  moments  of  inertia 
of  the  upper  and  lower  timbers  relative  to  the  height  of  the  frame  at  the  center. 
The  use  of  timber  frames  has  the  advantage  that  they  can  be  constructed  at  a  dis¬ 
tance,  transported  in  sections  to  the  crossing  and  assembled  there.  Structures 
with  frames  are  not  as  heavy,  but  costly  construction  materials  like,  planks, 
cross  bars,  special  forged  pieces,  etc,  must  be  used. 

At  one  of  the  war  fronts,  a  wood  frame  was  used  for  tank  and  railroad  traf¬ 
fic,  The  load  was  distributed  on  transverse  frames  of  the  same  type  as  the  lon¬ 
gitudinal  frames,  A  general  scheme  of  longitudinal  and  transverse  frames  is 
shown  in  Fig.  27,  and  their  separate  sections  in  Fig,  28. 

The  floor  and  curbs  were  laid  on  top  of  the  longitudinal  frames.  Beams 
20  om,  in  diameter  were  frozen  to  the  ice  cover  under  the  frames. 

It  is  better  to  freeze  single  or  multiple-layer  floors  into  the  ices  "the  up¬ 
per  layer  of  beams  is  installed  only  after  the  lower  layer  has  frozen.  To  speed 
up  the  freezing  process,  the  spaces  between  the  beams  are  filled  with  snow  or 
crushed  ice  and  flooded. 

Bridging  equipment  A=J  or  pontoon  equipment  N-2-P  may  be  used  as  a  last  re¬ 
sort  when  no  wood  is  available  in  the  vicinity. 

Two  types  of  superstructure  can  be  made  from  the  bridging  equipment  (A-3 ), 
according  to  Brigade  Engineer  Lebedev. 

One  type  of  construction  is  shown  in  Fig.  29  and  the  second  in  Fig.  JO. 

The  installation  of  the  first  type  of  crossing  proceeds  in  the  following 
order.  First,  the  snow  is  removed  from  the  center  of  the  road,  and  then  founda¬ 
tion  beams,  coupled  with  standard  parapet  supports,  are  laid.  To  determine  the 
right  pattern  for  the  foundation  beams,  long  coupling  rods  are  used  as  a  stan¬ 
dard.  Foundation  beams  are  used  only  for  installation  and  are  not  included  in 
calculations  for  the  construction. 

After  the  beams  have  been  laid  according  to  the  scheme  in  Figs,  29-3°p 
transverse  girders  (b)  from  long  and  short  coupling  rods  and  beams  for  curbs 
are  added.*  Girders  are  placed  on  the  ice  with  their  narrow  edges  down  and 
dowels  up.  Then  longitudinal  girders  (V  )  are  installed  by  insei-jbing  their 
dowels  into  the  holes  of  the  foundation  beams. 

Then  snow  is  packed  under  the  beams  and  coupling  rods. 
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Because  of  the  instability  of  the  beams,  set  'with  their  narrow  sides 
down,  it  is  necessary  to  flood  the  structure  and  let  the  lower  half  of  the 
beams  freeze  into  the  ice.  Then  the  other  coupling  rods  are  placed  where 
they  belong,  the  floor  is  installed  and  the  whole  is  frozen  together. 

I 

One  set  of  bridging  equipment  A-J  is  sufficient  for  12  sections  or  63 
running  meters  of  the  superstructure. 

The  installation  of  the  second  crossing  differs  only  in  the  number  of 
cross  beams  (10  against  8  for  one  section)  and  longitudinal  coupling  rods 
used  (8  against  5)»  Here  it  is  possible  to  install,  from  one  set,  9  sections 
or  1+7  running  meters  of  the  superstructure. 

A  scheme  of  the  superstructure  from  pontoon  equipment  N-2-P  is  shown 
in  Fig.  31°  This  structure  is  installed  as  follows.  The  foundation  for  the 
superstructure  is  prepared  first.  But  instead  of  using  transverse  half-beams 
(b)  alone,  2  standard  panes  are  placed  Underneath.  Longitudinal  half-beams 
are  then  installed  and  fastened  together  with  couplers. 

For  stability,  the  structure  is  reinforced  by  planks,  fastened  together 
with  bolts.  Two  crosswise  on  each  beam  and  then  after  the  floor  has  been 
installed  3  lengthwise  on  top. 

The  location  of  the  planks  and  bolts  is  shown  in  Fig.  31 >  together  with 
the  number  of  standard  panels  imbedded  between  cross-beams. 

The  construction  of  the  floor  is  similar  to  the  construction  of  the 
bridging. 

One  set  of  pontoon  equipment  is  enough  for  12  sections,  or  70  running 
meters. 

I4.  Specific  cases  of  heavy-load  crossings. 

If  heavy  loads  are  to  be  transported  when  the  ice  is  not  thick  enough, 
the  following  should  be  considered? 

a)  whether  loads  are  to  be  transported  regularly 

b)  or  the  crossing  is  to  be  used  temporarily. 

In  the  first  case  the  crossing  should  be  built  seourely,  in  the  second, 
means  should  be  used  which  are  less  time  consuming  and  less  expensive,  even 
if  they  are  less  safe, 
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Fig.  31 


Scheme  of  superstructure  built  from  pontoon  equipment  H-2-P 
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Whan  heavy  loads  are  to  be  transported  regularly  and  it  is  impossible  to 
reinforce  the  ice  cover  by  additional  freezing  or  by  a  superstructure,  it  is 
possible  to  construct  a  pontoon  bridge.  For  this  purpose,  wide  trenches  are 
cut  in  the  ice  and  the  pontoons  emplaced.  A  flooring  of  the  same  pontoon 
equipment  is  put  over  the  ponl oons . 

Crossings  are  especially  £ood  when  piles  are  used  along  the  whole  route, 

A  structure  of  this  type  can  be  used  only  in  rivers  with  small  water-level 
variations,  otherwise  the  ice  would  lift  the  piles  from  the  river  bottom. 

Settling  of  the  ice  cover  may  cause  a  deformation  in  the  crossing.  Such  a 
crossing  over  the  Kola  River  was  constructed  by  A.  Ch.  Kunitskii  for  railroad 
trains » 

It  was  constructed  in  the  following  manner.  Every  2  m.  along  the  rails, 
holes  were  made  in  the  ice  and  pibkets  inserted  into  the  holes  until  they 
reached  the  foundation  beams,  which  were  22-26  cm.  thick.  The  pickets  were 
cut  off  to  the  ice  surface  and  frozen  into  it.  The  remaining  space  in  the 
holes  was  filled  with  crushed  ice  or  snow.  Later  work  showed  that  this  meth¬ 
od  is  superior  to  wedging  for  the  following  reasons.  Driving  a  wedge  into  the 
extra  space  in  a  hole  required  10-15  minutes  as  against  1-2  minutes  for  packing, 
and  sometimes  pickets  were  forced  out  of  the  hole  before  they  had  time  to  freeze. 
Furthermore,  water  rose  from  under  the  ice  and  work  had  to  be  done  in  freezing 
water.  Packing  with  crushed  ice  and  snow  never  caused  the  water  to  rise. 

After  the  pickets  were  installed,  cross  beams  Lp— 1+  l/2  m,  long  and  22-26 
cm,  in  diameter  were  installed  on  top  in  a  checkered  pattern.  (Fig,  52) 
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Scheme  of  laying  cross  beams  on  top  of  cut  off  pickets 


Fig.  32 


Longitudinal  beams  of  the  same  thickness  were  placed  over  the  cross 
beams.  The  space  between  the  ice  surface  and  the  upper  part  of  the  longitudi- 
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nal  beams  was  filled  with  brushwood,  packed  with  snow  and  flooded.  1  Then  the 
surface  was  levelled  with  snow  in  order  to  install  the  sleepers. 

After  the  rails  were  set  on  the  ties,  the  spaoe  between  was  paoked  with 
snow,  flooded  and  frozen  (ties  are  not  shown  in  the  fig.).  A  beam  foundation 
is  only  praotioal  with  a  hard  river  bed  and  in  rivers  with  small  water-level 
variations.  In  rivers  with  high  water-level  variations  the  beam  foundation 
would  rise  with  the  ioe  oover. 

For  occasional  traffio  a  superstructure  is  undesirable  beoause  of  the 
difficulties  and  the  work  involved.  At  the  same  time,  if  the  load  is  not  dis¬ 
tributed  over  a  large  area,  it  oannot  be  transported  over  the  ioe.  In  this 
oase  sleds  may  replace  the  superstructure.  Sleds  oan  be  moved  over  the  ioe 
by  winohes  installed  on  the  river  bank,  provided  the  distanoe  to  be  orossed 
is  relatively  small  (up  to  500  m. ) ,  or  by  a  traotor  eonneoted  to  the  sled  by 
a  long  oable  (not  less  than  50-70  m. ). 

Sleds  should  meet  the  same  requirements  as  a  superstructure,  namelyt 

a)  load  should  be  distributed  according -to  equation  (7l)j 

b)  sleds  should  be  as  light  as  possible; 

o)  runner  deflection  should  equal  the  deflection  of  ioe; 

d)  the  distanoe  between  runners  must  not  be  more  than  m.  and  pres¬ 
sure  on  each  not  more  than  the  value  of  the  shearing  strength  of 
the  ioe. 

Thus  it  is  possible  to  use  the  same  methods  of  hardness  selection  as 
were  applied  to  the  superstructure.  Because  the  radius  of  load  distribution 
might  be  rather  large,  a  frame  construction  or,  in  some  oases,  speoial  materials 
like  multiple-layer  plywood,  seamless  steel  piles,  etc.  may  be  used  in  order 
to  get  the  necessary  hardness.  To  ease  the  movement  of  sleds  it  is  neoessary 
to  remove  the  snow  from  the  road  or  if  need  be  flood  it,  i,e.  build  an  ioe 
road  similar  to  roads  used  in  the  lumber  industry. 

Occasional  traffic  should  be  transported  by  sleds  when  air  temperatures 
sure  lowest  with  little  variations  during  3"U  days,  beoause  then  the  bearing 
capacity  of  the  ioe  is  highest. 


The  crossing  site  should  be  specially  selected.  The  ice  along  the  traf¬ 
fic  lane  must  be  homogeneous  without  hummocks  md  fissures  and  be  as  thick  as 
possible. 

If  the  ice  is  covered  with  a  thick  layer  of  snow  it  should  be  removed 
shortly  before  the  load  is  transported  to  prevent  air  temperatures  from  af¬ 
fecting  the  ice  cover, 

5.  Approaches  and  Exits 

The  construction  of  approaches  and  exits  is  an  entirely  different  and  dif¬ 
ficult  problem.  Difficult  because  of  water-level  variations  and  consequent 
changes  in  ioe-oover  level,  heterogeneity -and  softness  of  the  ice  cove*  near 
banks,  fissures,  glimmer-ice  formations,  ice  sagging,  etc. 

The  construction  of  approaches  to  crossings  involves*  the  levelling  of 
approaches  and  bank  slopes  and  the  installation  of  means  for  safe  load  trans¬ 
fer  from  the  bank  to  the  ioe. 

The  conditions  required  for  the  construction  of  approaches  arei 

a)  reotilinearity  of  the  traffic  lane  and  sufficient  width,  not  less 
than  6  m. j 

b)  inclination  slope  of  not  more  than  o,2  for  caterpillar  traffio,  o.l 
for  wheeled  traffio  and  0,01  for  railroad  trains  (for  sled  traffio 
it  may  be  greater)] 

o)  sturdy  oonstruotion  where  the  approaoh  eonneots  the  bank  to  the  ioe, 
with  provisions  for  probably  variation  in  ioe-oover  level. 

The  first  two  speoifioations  may  be  realized  easily  by  properly  seleoting 
the  site  of  the  oroasing.  Large  depressions  in  frozen  ground  should  be  avoided. 

The  oonstruotion  of  the  ramp  from  the  bank  to  the  ioe  depends  largely  on 
the  type  of  traffio  over  the  orossing,  the  hardness  of  the  ioe  near  the  bank 
and  water-level  variations. 

For  pedestrian  traffio,  planks, or  boards  can  be  used  when  the  distanoe 
from  the  bank  is  not  more  than  15-20  m.  and  the  ioe-cover  is  hard  enough.  For 
oar  and  truok  traffio  the  ice  cover  has  to  be  reinforced  by  additional  freez¬ 
ing  up  to  a  thickness  of  1. 0-1.5  m.  Then  the  traffic  lane  is  covered  with 
brushwood,  packed  with  snow  and  flooded.  The  surface  of  the  frozen  ramp  is 
oovered  with  rods  or  planks,  layed  crosswise.  Logs  are  used  as  curbs  and  if 
the  ramp  is  too  high,  parapets  are  built. 


The  greater  the  water-level  variations,  the  longer  must  he  the  ramp. 

Ice  deflection  usually  begins  at  10-15  m,  from  the  hank.  Therefore  the  ramp 
must  not  be  shorter  than  20  m„ 

An  extension  of  planks  on  cross  beams  should  he  added  to  the  lower  end 
of  the  ramp  to  guard  against  cracks  in  the  ice  and  to  prevent  crushing  of  the 
ice  surface,  even  if  no  superstructure'-is  planned.  Approaches  are  marked,  and 
lit  by  lanterns  at  night. 

For  ramps  it  is  sometimes  convenient  to  use  river  piers,  which  are  usually 
accessible  by  good  roads.  In  this  case  the  flooring  from  the  pier  to  the  ice 
surface  is  bolted  to  cross  beams.  When  the  water  level  rises,  some  of  the 
supporting  beams  are  removedj  when  it  drops ,  beams  are  added.  A  sketch  of 
suoh  a  ramp  is  shown  in  Fig,  33«  When  possible,  a  barge  or  any  other  type 
of  vessel  may  replace  the  support.  Then  the  ramp  is  built  on  permanent  sup¬ 
ports  which  do  not  require  changing  the  number  of  beams  or  constant  observa¬ 
tion  of  the  water  level.  Ramps  from  the  pier  to  the  barge  are  easily  con¬ 
structed  with  the  flooring  on  longitudinal  logs,  A  diagram  of  this  type  of 
installation  is  shown  in  Fig. 

When  the  ice  is  unsafe  near  the  bank  or  if  there  is  an  ice-free  gap,  it 
is  imperative  to  transfer  the  load  pressure  to  the  ground.  In  this  case  small 
pile  bridges  with  plank  flooring  are  built  for  pedestrian  traffic.  A  width 
of  J?-3  planks  is  sufficient  for  short  bridges. 

Scaffold  or  pile  bridges  are  constructed  for  motor  traffic.  Ramps  from 
bridges  to  the  ice  are  built  of  beams  and  planks.  One  end  of  the  beams  is 
placed  on  a  supporting  girder,  the  other  on  the  bridge.  Piles  may  be  replaced 
by  trusses  and  joists.  The  height  of  the  truss  or  scaffold  must  exceed  the 
maximum  possible  water  level. 

In  rivers  with  large  water-level  variations,  more  efficient  approaches 
must  be  constructed.  The  same  approaches  are  constructed  for  all  railroad 
crossings.  Such  approaches  must  slope  smoothly  from  the  bank  to  the  ice  under 
any  conditions  of  water-level,  with  construction  time  held  to  a  minimum.  When 
the  range  of  water-level  variations  is  known,  the  length  of  the  ramp  determines 
the  degree  of  slope.  The  weight  of  the  load  to  be  carried  and  the  length  of 
the  approach  determine  the  planning  of  the  operation. 


Tha  construction  of  railroad  crossings  is  complicated  by  the  fact  that 
the  spaces  between  rail  joints  should  be  small  to  avoid  derailing.  To  meet 
the  above  requirements,  local  peculiarities  of  crossings,  the  availability 
of  necessary  materials,  ground  structure,  bank  elevation,  etc.,  should  be 
taken  into  consideration. 

The  following  design  for  a  railroad  crossing  over  the  Neva  River  haB 
been  projected.  At  the  water’s  edge,  close  to  the  railroad  embankment,  a 
bank  support  of  logs  is  planned.  At  some  distance  from  the  water's  edge  a 
double-columned  wooden  cribwork  is  to  be  built  to  receive  a  roadbed  frame 
with  one  end  fastened  to  the  bank  support  end  the  other  loose  so  as  to  be 
easily  lowered  down  or  raised  by  winches'  nstalled  one  on  each  column  of  the 
cribwork.  The  river  end  of  the  frame  will  connect  with  cross  trusses  to  re¬ 
inforce  the  ice  cover.  Winch-power  calculations-  should  provide  for  raising 
and  lowering  the  frame  when  it  is  not  loaded.  Lifting  cables  are  to  be  suf¬ 
ficiently  strong  to  support  the  weight  of  the  roadbed  frame  and  the  passing 
trains.  On  the  inside  edges  of  the  cribwork  columns  special  cable-rollers  are 
to  be  provided  to  keep  the  roadbed  frame  level.  A  general  construction  diagram 
is  shown  in  Fig,  35» 

Calculations  for  the  bank  reinforcement  may  be  found  in  mechanical  engi¬ 
neering  manuals.  This  problem  is  not  dealt  with  in  the  present  study,.. 

6.  Construction  of  crossings  over  fissures. 

Removing  snow  from  the  ice  crossing  increases  thermal  tensions  in  the  ice 
cover.  They  reach  a  maximum  in  the  traffic  lane.  In  conjunction  with  stresses 
from  the  traffic  load  and  the  lateral  snow  banks  they  cause  fissures  to  form. 
Small,  superficial  fissures  crossing  the  road  in  various  directions  appear  At 
the  beginning  of  operations.  Further  operations  cause  the  formation  of  zigzag 
fissures  along  the  crossing  and  ice  shearing  in  some  places.  Fissures  across 
the  route  sometimes  reach  a  width  of  a  few  cm.  to  a  few  m.  There  is  no  regu¬ 
larity  in  the  appearance  of  fissures  or  their  form,  and  they  are  only  detected 
in  places  where  the  ice  has  suddenly  weakened.  Very  rarely  do  they  appear  in 
the  same  places. 


Bridges  of  two  or  more  beams  covered  with  a  flooring  are  usually  built 
to  cross  the  fissures.  Boards  are  used  to  cross  small  fissures.  The  latter 
are  covered  with  snow,  flooded  and  frozen. 

The  bridge  should  be  considerably  longer  than  the  fissure  is  wide,  since 
the  ice  at  the  main  fissure's  edge  is  weakened  by  the  presence  of  many  smaller 
fissures.  The  bridge  must  be  calculated  so  as  to  be  able  to  carry  the  maximum 
load  planned  for  the  whole  crossing.  Fissures  that  require  bridging  are  the 
product  of  thermal  tension  in  the  ice  cover  and  consequently  change  their 
width  with  changes  in  temperature.  Therefore,  one  of  the  supports  must  be 
movable.  Bridge  supports  should  never  be  frozen  into  the  ice.  Non-obBervance 
of  this  rule  may  cause  damage.  For  example,  during  the  winter  of  19Ul-h2t  & 
bridge  for  heavy  tank  traffic  was  constructed  over  a  fissure  in  the  ice  cover 
of  Lake  Ladoga.  Some  time  later  another  fissure  was  discovered,  which  circum¬ 
vented  the  bridge  from  one  side  and  joined  the  first.  The  bridge  with  its 
supports  fastened  to  the  ice  prevented  thermal  ice  compression,  consequently 
the  thermal  tension  was  greater  than  the  ultimate  strength  of  the  ice  around 
the  bridge  and  a  block  of  ice  broke  off.  Fortunately,  there  were  no  tanks 
crossing  at  that  time. 

The  second  condition  to  be  remembered  when  building  a  bridge  over  a  fis¬ 
sure  is  the  load  distribution  along  the  fissure's  edge.  As  shown  before,  the 
bearing  capacity  of  the  ice  cover  diminishes  as  the  load  approaches  the  fis¬ 
sure's  edge,  and  is  least  when  the  load  is  close  to  the  edge.  The  problem, 
consequently,  is  to  find  a  load  distribution  under  which  the  actual  stress 
will  not  surpass  the  allowable  stress.  Therefore  foundation  beams  should  be 
lengthened.  Since  the  bridge  should  not  be  fastened  on  both  sides  it  is  pos¬ 
sible  to  make  beams  on  one  side  slide  on  sleepers  frozen  into  the  ice.  Such 
a  bridge  is  shown  in  Fig.  36. 

On  one  side  of  the  fissure  a  snow  bank  is  built  on  which  cross  beams  are 
rested.  The  snow  is  flooded  and  the  beams  are  frozen  into  the  snow.  On  the 
other  side  of  the  fissure  beams  rest  on  transverse  logs  frozen  into  the  ice. 
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Logs  and  beamc  shouldlnot  bgrif astened  together  rigidly.  The  flooring  is  laid 
across  the  beams.  The  area  to  be  covered  by  logs  as  well  as  the  necessary 
beam  length  are  calculated  according  to  equations  (77) >  (36)  and  (91+)* 


The  approaches  to  these  bridges  are  reinforced  by  additional  freezing; 
brushwood  is  oovered  with  snow,  flooded  and  frozen,  or  a  bed  is  added  under 
the  tracks. 

Instead  „of  building  a  bridge,  the  fissure  may  be  frozen.  B.  V.Proskuria- 
kov  suggested  the  use  of  ice  to  close  fissures.  His  suggestions  were  esfperi- 
mentally  tested  during  the  winter  of  I9I1I-I4P  in  an  ice  crossing,  and  gave  good 
results.  Proskuriakov* s  suggestions  were  as  follows. 

If  the  fissure  winds  within  the  limits  of  the  traffic  lane,  it  should  be 
straightened  out  with  pickaxes  or  saws.  It  should  be  done  in  sections,  in  a 
broken  line,  thus  avoiding  a  widening  of  the  fissure.  If  the  width  of  the  fis¬ 
sure  is  not  more  than  30  cm.,  it  is  possible  to  place  a  log  under  the  ice  and 
secure  it  from  both  ends  to  the  fissure's  edge  by  a  rope  or  wire  as  is  shown 
in  Fig.  37*  Poles  or  planks,  fastened  together,  may  replace  the  logs.  After 
this  is  done,  the  fissure  is  packed  with  layers  of  crushed  ice.  The  ice  is 
flooded  to  accelerate  the  process  of  freezing. 

Pilling  and  ramming  are  stattdd  at  one  end  of  the  fissure  and  continued 
step-by-step  to  the  other  end.  Special  attention  should  be  paid  to  careful 
ramming  since  it  determines  the  strength  of  the  packing.  This  method  can  only 
be  applied  at  air  temperatures  below  -7°C  and  to  a  fiBsure  not  wider  than  3O-I4D 
cm.  Preparing  the  ice  and  filling  a  3  m,-long  fissure  can  be  done  by  1;  men  in 
1  hour. 

This  work  can  best  be  achieved  by  a  detachment  of  5  men  supplied  with  the 
following  equipment; 


Pickaxes  —  2 

h. 

Crowbars 

2 

Axe  —  1 

5* 

Wooden  shovels  — 

2 

Cross-cut 

6. 

Buckets  ■  — 

2 

Saw  —  1 

Another  method  can  be  used  to  fill  fissures  lip  to  60  cm.  wide.  Edges  of 
fissures  are  sheared  off  as  shown  in  Fig.  38*  Meanwhile,  at  some  distance 
from  the  crossing  wedge-shaped  ice  blocks  are  cut  out,  according  to  the  width 
of  the  fissure,  and  put  into  the  fissures. 

These  ice  blocks  fit  the  fiBsure  olosely  and  can  carry  loads  even  before 
they  are  frozen  to  the  ice. 
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It  is  possible  to  close  wide  fissures  (up  to  J  u.)  as  well  as  bomb  or 
shell  craters  with  ice  slabs.  The  edges  of  the  fissure  are  straightened  out 
with  pickaxes  or  rip  saws.  At  the  same  time,  at  some  distance  from  the  cros¬ 
sing,  ice  slabs,  a  little  smaller  than  the  fissure,  are  out  out.  Three  logs, 
up  to  I).  m»  long,  are  put  under  the  ice  slab.  A  cable  is  fastened  to  the  ends 
of  the  logs,  and  then  the  ice  panel  together  with  the  logs  is  lowered  down  in¬ 
to  the  fissure.  The  ends  of  the  cables  are  secured  to  logs  6  m.  long,  located 
under  the  ice  as  shown  in  cross  section  in  Fig.  39  and  in  Fig.  L|0.  Grooves 
between  the  fissure’s  edges  and  the  ice  panel  are  filled  with  crushed  ice  or 
snow  and  frozen. 

The  above  method  has  never  been  tested  experimentally.  One  can  reckon, 
approximately,  that  a  detachment  of  10  men,  equipped  in  a  suitable  manner,  can 
close  a  3*m.  fissure  in  3  hrs.  The  advantage  of  this  method  is  that  the  work 
can  be  performed  at  relatively  high  air  temperatures,  from  -3°  "to  -5°C. 

Ice  panels  may  be  cut  out  with  pickaxes,  rip  saws  or  with  the  Red  Army's 
powered  handsaw  MP-200. 

After  the  fissure  has  been  filled,  the  superstructure  can  be  repaired, 
if  necessary.  The  area  over  the  filled  fissure  should  be  protected  from  di¬ 
rect  load  pressure  by  adding  beams  to  the  superstructure. 

No  less  dangerous  for  traffic  are  sections  of  ice  crisscrossed  by  small 
fissures.  For  safety,  such  areas  are  covered  with  a  rod  mat,  tied  together 
with  a  hemp  rope. 

The  mat  is  covered  with  snow,  flooded  and  frozen. 

Two  workers,  preparing  a  1-sq.  m.  mat,  require? 
hemp  rope  —  6  m, 

rods  3-5  cm.  thick  with  a  total  length  of  20  m0 

The  formation  of  fissures  could  probably  be  prevented  by  having  thermal 
seams  parallel  to  the  traffic  lane.  For  this  purpose  holes*  are  chopped  in¬ 
to  the  ice  at  a  distance  of  about  50  m.  from  the  crossing,  thus  weakening  the 
ice  cover.  Because  of  the  thermal  expansion  of  the  ice,  formation  of  fissures 
is  to  be  expected  near  the  holes  and  not  on  the  road.  Instead  of  chopping  holes, 
the  ice  can  be  blasted  with  ammonal,  ammonite,  TNT',  etc.  Dynamite  should  not  be 
used  in  freezing  weather.  The  blasting  procedure  isr  first,  the  charges  are 

*  Footnote t  Interval  between  holes  about  10  m, 
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Pig.  JQ.  A  60  om.-  fissure 
filled  with  ice  blooks. 


Fig*  39»  A  3.0  m. -fissure 
filled  with  ice  slabs, 
secured  with  logs. 


distributed  in  places  where  the  holes  should  be  and  connected  with  a  fuse, 
then  all  charges  are  blasted  synchronously.  This  method  has  never  been  UBed 
in  practioe.  Nevertheless,  thermal  seams  may  be  recommended  as  a  protective 
measure  against  fissure  formation. 

7.  Calculations  of  the  supporting  power  of  the  ice  cover  and  reinforce¬ 
ment  of  the  orossing. 

1.  When  loads  are  transported  over  a  natural  ice  cover,  the  following 
cases  should  be  differentiated? 

1)  load  transport  at  small  time  intervals, 

2)  transport  of  separate  loads. 

2.  In  continuous  operations,  if  the  distance  between  the  loads  is  more 
than  50  m. ,  the  calculation  is  made  analogous  to  transportation  of  separate 
loads. 


3.  For  traffic  with  loads  one  after  another  at  small  time  intervals,  the 
safe  load  is  calculated  from  equation  ( lip. ) » 


where  ? 


0 «  crr2Vh^ 

*  A-W  8  3inyg>r 


allowable  stress  in  tons/sq.  m. ,  determined  in  Diagram  3  (  p.25) 
from  the  air  temperature 

r  *  radius  of  load  distribution,  determined  from  the  relation 

r  ■  O.565  Y"f\  where  F  is  the  area  occupied  by  the  load, 

h  ■  ice  thickness  in  m. , 

E  ■  the  modulus  of  elasticity  in  tons/sq,  m.  To  be  found  according 
to  the  graph  shown  in  Fig,  2, 

9  ■  the  base  of  the  natural  system  of  logarithms,  equal  to  2,71# 

(3m  kf 


1 

IjEI 


I  •  the  moment  of  inertia,  equal  to 


12 


The  bearing  capacity  of  the  ice  cover  for  separate  loads  is  determined  from 
equation  (71) #  9  r— 

2.574  r*Wh 


The  symbols  are  the  same  as  in  the  preceding  case.  Only  the  function 
C2  is  added,  which  is  determined  from  the  relation  between  load  distribution 
and  ice  characteristics.  (See  appendix).  According  to  equation  (7l)»  the 
value  t 

l-U/ 


Eh' 


m 


12  (£££) 

5.  Safe  distance  between  the  load  and  the  fissure’s  edge  is  determined 
from  equations  (122)  and  (125)? 

PE  h  J3  e  eixx/ffx  ^2  (  jjf  ) 

"2.2 )  (eosyS*-  sin/38)  ♦  |^J 


OC 


0.787  +  -2 

/3 


where?  3  »  distance  of  the  load  from  the  fissure’s  edge 

n  »  any  integer. 

The  method  of  selecting  the  closest  values  is  explained  in  Chapter  TV, 
Paragraphs  3  and  8. 

6.  When  ice  is  not  thick  enough  and  a  reinforcement  is  needed,  the  thiok- 
ness  and  width  of  the  additional  layer  is  determinded  from  tables  in  Paragraph 
2  or  Chapter  IV, 

7.  The  speed  of  additional  freezing  is  determined  from  the  equation* 

Oc  Q 

h  *  Y20~  where?  h  *  thickness  of  the  ice  layer  in  cm.,  frozen  in  1  hr., 

OC *  coefficient  of  heat  emission  in  kg,  cal,/sq,  m  /hr/°C, 
0*  air  temperature,  as  determined  from  the  equation* 


-  28  +  0  . 

In  the  presence  of  wind,  the  coefficient  of  heat  emission  increases  in  the 
ratio  +  0.3,  where  v  ■  wind  velocity  in  m./sec. 

8.  A  superstructure  is  built  when  the  required  reinforcement  cannot  be 
reached  by  additional  freezing.  The  required  width  and  hardness  of  the  struc¬ 
ture  are  determined  by  calculation. 
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First  th*  radius  of  load  distribution  is  calculated  from  the  equation: 

Qfi  c2  (£) 

f  m  ....r.,.,,  ,  ,  A. 

2. 574  /S' 

The  meaning  of  the  symbols  is  explained  above. 

The  area  of  load  distribution,  is: 


F  •Tf  r 

At  the  expense  of  an  increase  in  load  distribution  along  the  crossing,  it 
is  possible  to  diminish  the  width  of  the  superstructure  in  conformity  with: 

a  -  f 

where:  a  »  length  of  load  distribution 
*  width 

F  *>  area  of  distribution. 


The  hardness  is  determined  from  the  maximum  value  of  9  or, 

a 


For  this  pur¬ 


pose,  ice  deflection  under  load  at  a  distance  of  “  from  the  load  center,  with 
load  distributed  over  area  F,  is  found. 

The  equation  of  deflection  is: 

if  Ol*l  M  *  °2*2  (*)]  .  0 

where:  Cj  and  Co  are  constants  determined  from  the  relation  — -t—  *  values  of 

Tfr2 

Whioh  are  given  in  tables  in  the  apjpendixj  (x)  and  Z2  (x)  are  functions,  de¬ 
termined  from  the  relation  between  the  distance  of  the  point  under  study  from 
the  load  center  and  the  valued,  from  aonendix  1, 


C ^  is  the  intensity  of  loading,  equal  to 


_§L 


IT  r‘ 


The  difference  in  deflection  o  sa  and  is  substituted  in  equation: 

X2 

A  I  *  -r— * 

51  82B  J 

where:  x  «  ~ 

From  hare  the  value  of  the  required  moment  of  inertia  is  found  and  conse- 

h3 

quently  the  size  of  the  superstructure,  because  I  =  _ ,  T>he  calculated 

height  and  materials  available  determine  the  type  of  superstructure  to  be 
constructed® 
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First  tho  radius  of  load  distribution  is  calculated  from  the  equation! 

Q  yis"  Cg  (£■) 

r  ■  • — - -±— 

2.57<*/n 

The  meaning  of  the  symbols  is  explained  abbve. 

The  area  of  load  distribution  ist 


F  -  Tf  r2 

At  the  expense  of  an  increase  in  load  distribution  along  the  crossing,  it 
is  possible  to  diminish  the  width  of  the  superstructure  in  conformity  witht 


a  x-$  a  f 

where!  a  »  length  of  load  distribution 

A  *  width 

F  ■  area  of  distribution. 

The  hardness  is  determined  from  the  maximum  value  of  9  orjfa.  For  this  pur- 

a 

pose,  ice  deflection  under  load  at  a  distance  of  ~  from  the  load  center,  with 
load  distributed  over  area  F.  is  found. 

The  equation  of  deflection  is?- 


s tCiZi  Cl)  ♦  OaZj  (x)], 

where  *  and  Cp  are  constants  determined  from  the  relation —jL-  »  values  of 

TT  r<1 

which  are  given  in  tables  in  the  apiiendixj  (x)  and  Z2  (x)  &re  functions,  de¬ 
termined  from  the  relation  between  the  distance  of  the  point  under  study  from 
the  load  center  and  the  valued,  from  appendix  1, 


is  the  intensity  of  loading,  equal  to 


TT 


The  difference  in  deflection  °“  Sfl  and  1^2  is  substituted  in  equation! 


where!  x 


3 

2 


A  I 


822  J 


From  here  the  value  of  the  required  moment  of  inertia  is  found  and  conso¬ 
quently  the  size  of  the  superstructure,  because  I  =  — ,  ^he  calculated 
height  and  materials  available  determine  the  type  of  superstructure  to  be 
constructed. 
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The  values  of  the  functions  given  in  Appendices  1  thru  5  are  used  in  the 
following  equations* 

(a)  It  -  [l  +  CjZ!  (*)  ♦  c2z2  (*)] 

(b)  W  -q.[c,z3  (a)  a  0^  (xj] 

where  W  *=  the  value  of  ice  deflection  under  load  in  the  loading  zone  in  equa¬ 
tion  (a)  and  outside  the  loading  zone  in  equation  (b) 


CX,  Cg,  Cj  and  are  constants  of  integration,  as  functions  of  the 
ratio  j.  ,  where  r 


characteristic  of  the  ice  cover. 


radius  of  load  distribution  and  Jl  *  a  numerical 


fvn  2  Eh? 

12m2-l 


Z1  (*)>  Z2  (x),  Zj  (x)  and  Zj^  (x) 


are  functions  of  the  ratio  ^ 


<? 


loading  rate 


' 
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of  me  mcnoNs  (<* ).  *2  (*  >'  *3  (*)»  z 

4  <*> 

‘•i 

lx  (<*) 

z/  (*  ) 

Zg  (oc) 

*g  <«> 

z;  (oc) 

z'  (oc) 

zu(«) 

"  '  ""  "  ‘ 

<(*> 

0 

/1.0000 

0 

0 

0 

0 

7*3.5000 

0 

/ 

0.05 

/1.0000 

0 

■0.0006 

-0*250 

0.05 

7*3*984 

-0.0575 

-1.9813 

362.7199 

0.10 

76.0000 

-0.0001 

-0.0025 

-0.0500 

0.10 

7*3*946 

-0.Q929 

-1.5409 

/  6.3413 

o.i5 

76.0000 
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-0.0056 

-0.0750 

0.15 

7*3*892 
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-1.2843 

/  4*071 

0.20 

/1.0000 

-0.0005 

-0.6100 
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0*0 

7*3*826 

-0.1419 

-1.1033 

3.1340 

0.25 
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-0.0010 
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-0.1250 

0*5 

7*3*751 
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0.30 
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-0.0225 
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0.30 
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2.0498 
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7*1.9996 
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0.35 
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0*0 
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-0.1970 
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-0.2247 
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0.8367 

0.70 
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0.70 

»*>.3834 

■0*268 

-0.3574 

0.7582 

0.75 

7*3.9951 

-0.0264 

-0.1405 
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0»75 

3*3.3720 

-0*281 

-0.3212 
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7*3.9936 

-0.0320 

-0.1599 
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0.00 

7*3.3606 
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0.65 

7*1.9916 
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0.85 
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0.90 

7*3.9696 

-0.0456 

-0.2C23 

-0.4485 

0.90 

3*3.3377 

-0*276 

-0*308 

0,5250 

0.95 

7*1.9873 

-0.0535 

-0.2253 

-0.4730 

0.95 

3*3.3264 

-0*262 

-0*056 

0*819 

1.00 

7*3.98ltU 

-0.0624 

-0.2496 

-0.4974 

1,00 

3*3.3151 

-0*243 

-0.1825 

0*422 

1.10 

7*1.9771 

-0.0831 

-0.3017 

-0.^58 

1.10 

3*3.2929 

-0*193 

-0.1419 

0.5730 

1*0 
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-0.1709 
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-0*060 

1*0 
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-0.1971 

-0.0542 

/  0*255 

1.50 
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-0.5576 

-O.7302 

1.50 

7*3.2110 

-0.1882 

-0.0337 

/  0.1873 

1*0 

7*3.8979 

-0.2546 

'-0*327 

-0.7727 

1*0 

7*1.1926 

-0.1788 

-0.0166 

/  0.1560 

1.70 

7*1.8760 

-0.304a 

-0.7120 

-0.0131 

1.70 

7*3.1752 

-0.1692 

-0.0020 

0.1290 

1.80 

3*3.8367 

•0.3612 

-0.7953 

-0.8509 

1.80 

7*3.1588 

-0.1594 

7*3.0094 

O.IO56 

1.90 

3*3.1433 

-0.1496 

7*3.0189 

7*3.0854 

U90 

7*3.1433 

-0.1496 

7*3.0189 

0*854 

2*00 

41.7517 

-0.4951 

-0.9723 

-0.9170 

2.00 

7*3.1289 

-0.1399 

7*3.0265 

0*679 

2.50 

3*3*000 

-0.9436 

-1.4572 

^>•9905 

2.50 

3*3.0709 

-0.0950 

7*3*437 

o*U4 

3*0 

-0*214 

-1.5698 

-1.9576 

-0.0804 

3*0 

3*3.0326 

*,0586 

7*3.0427 

-0*137 

3.50 

-1.1956 

•*.3361 

^.2832 

-0*353 

3.50 

3*3*104 

-0.(926 

3*1*335 

-0.0200 

4*0 

•2.563U 

-3.1346 

-2*927 

7*3*912 

4*o 

7*3.0014 

-0.0152 

3*3.0230 

-0.0200 
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APPENDIX  3 


VALUES  OF  THE  FUNCTION 


0 

O.IO 

0.20 

0.30 

0.46 

0.50 

0.60 

O.7O 

0.80 

0.90 

1.00 

1.10 

1.20 

1.30 
I.I4O 

1.50 

1.60 

1.70 
1.80 

1.90 
2.00 
2.10 
2.20 

2.30 

2.U0 

2.50 

2.60 

2.70 
2.80 

2.90 
3.00 
3.10 
3.20 

3.30 
3-UO 
3590 
3.60 
3.70 
3.80 
3.90 

4.00 


0 

0.0146 

o.o447 

0.0820 

0.1243 

0.165 

0.207 

0.249 

0.285 

0.322 

0.355 

0.388 

0.1+16 

0.432 

0.441 

0.442 

0.1442 
0. 1+1+2 
0. 1+1+2 
0.1+1+2 
0.14a 

0.437 

0.1+27 

■0.1+13 

0.395 

0.375 

0.356 

0.336 

0.315 

0.296 

0.275 

O.252 

0.229 

0.205 

0.179 

0.155 

0.127 

0.100 

0.070 

0.033 

0.002 


0.0066 
0.0171 
0. 01+81 
0.08 58 
0.1281 
0.169 
0.211 
0.259 
0.289 
0.322 
0.358 


o.wa 
0.1+1+2 
0.1+1+2 
0. 1+1+2 
0. 1+1+2 
0. 1+1+2 
0.1+ia 

0.1+36 
0.1+26 
0.1+12 
0.393  • 
0.373 
0.351+ 
0.331+ 
0.311+ 
0.291+ 
0.273 
0.250 
0.226 
0.202 
0.177 
0.152 
0.121+ 
0.097 
0.066 
0.030 


0.0517 
0.0898 
0.1320 
0.171+  . 
0.217 
O.256 
0.293 
0.325 
0.362 
0.395 
0.1+20 
0.1+35 

0.14a 
0. 1+1+2 
0.14+2 
0.1+1+2 
0. 1+1+2 
0.1+1+2 
0.14+0 
0.1+35 
0.I+25 
o.iao 
0.391 
0.371 
0.356 
0.332 

0.312 

0.292 

0.270 

0.21+7 

0.221+ 

0.200 

0.171+ 

0.11+9 

0.121 

0.091+ 

0.063 

0.027 


025 
221+ 
553 
0.0938 

0.1350 
0.178 
0.221 
0.260 
0.296 
0.328 
0.366 
0.398 
0.1+22 
0.1+36 
0. 1+1+2 
0. 1+1+2 
0. 1+1+2 
0. 1+1+2 
0.1+1+2 
0. 1+1+2 
0. 1+1+0 
0.1+31+ 
0.1+21+ 
0.1+08 
0.389 
0.369 
0.350 
0.330 
0.310 
0.290 
0.268 
0.21+5 
0.221 
.197 
.171+ 
.11+6 
0.118 
0.091 
0.059 
0.021+ 


0.0037 

0.0253 

0.0585 
0.0980 
0.1390 
0.182 
0.225 
0.261+ 
0.300 
0.332 
0.3*9 
0.1+00 
0.1+21+ 
0.1+37 
0.1+1+2 
O.i+1+2 
0.1+1+2 
0. 1+1+2 
O.i+1+2 
0.1+1+2 
0. 1+1+0 
O.i+33 
0.1+22 
0.407 
0.387 
0.367 
0.31+8 
0.326 
0.308 
0.287 
0.266 
0.243 
0.219 
0.195 
0.168 
0.143 
0.115 
0.088 
0.955 
0,021 


0.285 

0.264 

0.241 

0.217 

0.192 

0.165 

0.141 

0.113 

0.085 

0.051 

0.018 


0.272 

0.307 

0.339 

.0.376 

0.406 

0.428 

0.438 

0.1+42 

0.14+2 

O.I4+2 

0.442 

O.442 
0.441 
0.439 
0.432 
0.419 
0.403 
0.383  . 
0.3*4 
0.345 
0.524 
0.304 
0.283 
0.261 
0.239 
0.214 
0.190 
0.163 
0.139 
0.110 
0.082 
0.048 
0.015 


0.0085 
0.0349 
0.0698 
0.1114 
0.1530 
0.194 
0.238 
O.276 
0.311 
0.342 
0.379 
0.1+P9 
0.1+29 
0.439 
O.I+42 
0.14+2 
O.4I+2 
0.442 
0.14+2 
44 
43 
43 
4i 
4o 
38 
O.362 
0.343 
O.32J 
0.302 
0.281 
0.259 
0.236 
0.212 
0.187 
■O.I6I 
0.136 
0.108 
0.079 
0.01+4 
0.011 


0104 

0583 

0739 

1155 

1570 

198 

241 

279 


0.315' 
0.346 
0.382 
0.411 
0.430 
0.1+40 
0.14+2 
0.1+42 
0.442 
0.1+42 
0.14+2 
0.441 
0.438 
0.430 
0.1+16 
0.3(99  ' 
0.379 
0.360- 
0.340 

0.319 

0.300 

0.279 

0.256 

0.234 

0.209 

0.185 

0.159 

0.133 

0.106 

0.076 

0.041 

0.008 


0.282 
0.318 
6.549 
O.386 
0.414 
0.431 
0.  l+l+o 
0.442 
0.442 

O.i+1+2 

0.442 

0.14+2 

0.441 

0.438 

0.1+29;- 

6.415- 

0.397 

0.377 

0.358 

0.338 

0.317 

0.298 

0.277 

0.254 

0.231 

0.207 

0.182 

0.157 

0.130 

0.103 

0.973 

0.037 

0.005 
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apwdii  6 


Haight  and  tit*  of  Leade 


* 


l' 


So. 

Type  of  load 

Distance 

between 

axles 

(Meters) 

Axle 

Haight  in  Metric  Tone 

length 

(Meters ' 

Total 

Maximum  on 

1 

Armed  soldier 

- 

- 

0.10-0.11 

- 

2 

Civilian  cart 

1.2 

1.2 

0.6 

0.3 

3 

Military  cart 

- 

1.5 

0.5 

0.5 

4 

Ammunition  cart 

- 

1.5 

0.8 

0.8 

5 

2-horae  military  cart 

1.96 

1.5 

1.06 

0.54 

6 

76  mm.  cannon 

3.97 

1.5 

2.0 

I.O65 

7 

122  mm.  howitzer 

4.27 

1.55 

2.4 

1.475 

8 

107  mm',  cannon 

3.97 

1.75 

2.5 

2.16 

9 

152  mm.  howitzer 

3.97 

1.64 

3.0 

2.785 

10 

car 

3.45 

1.7 

2.7 

1.5 

11 

Truck  (1.5  ton  capacity) 

3.07 

1.8 

3.5 

2.75 

12 

Truck  (3  ton  capacity) 

4.12 

1.8 

7.0 

4.5 

13 

Truck  (5  ton  Capacity) 

4.8 

1.85 

10.0 

7.0 

14 

Tractor  ChTZ-60 

4.0 

2.5 

10 

- 

15 

Tractor  CHTZ-65 

4.08 

2.4 

11.2 

- 

l6 

Tractor  ChTZ  SG-65 

- 

-  ■ 

12 

- 

17 

Switch  engine  conatructed  by  Kaluga  factory  0-2-0 

- 

0.75 

8 

- 

18 

Switch  angina  "  "  "  "  " 

- 

0.75 

14 

- 

19 

Switch  engine  conatructed  by  Odeaaa  factory  n 

- 

0.75 

6 

- 

20 

Switch  engine  "  "  "  *  " 

- 

0.75  . 

16 

- 

21 

Locomotive  conatructed  by  Kolomna  factory  0-4-0 

- 

0.75 

16 

- 

22 

Locomotive  "  "  "  *  " 

- 

0.75 

26 

- 

23 

-Locomotive  0-4-0  Serlea  0V 

- 

1.524 

$2.5 

- 

24 

Freight  car  with  2  axles 

- 

- 

- 

- 

25 

Freight  oar  with  4  *xle* 

26 

Pullman  oar 

• 

27 

Tank  oar  with  4  axles 

- 

- 

- 

- 

8883&*5*’S*So  5*  *8  *5  *8*88*5*5*  *85  o  5**858888  885*8 


trrmvix  • 


li  expreaaedi 


tillM  for  calculating  tho  aupportiag  pouur  of  on  too  cover. 

Tito  sapportlng  poner  of  oa  loo  <mr  aeeerdiag  to  equation  {1*7 ) 


iifi  rga 

'  *  c2<») 

T 


uhera  8  *  {h  *■ 


2*  56  x  4  x  8 


la  given  la  taUaa 


Thua,  for  ealeulatlng  tha  supporting  poaar  of  an  lea  eover  ( Q )  for 
givun  value  (I),  radlua  of  load  distribution  (r)  aad  laa  thiekaaaa  (h),  tha 
value  8  la  determined  froa  tha  table  aal  multiplied  bp  2.  'i6  x  d  Aora 
6  ia  tha  llait  of  aafa  bonding  atroaa  of  ieo.  - jggjj-— ■  * 


Modulus  of  ioa  elasticity  8 


Ioa 

thioknaaa  0.5.105 


iovthi 


2.0.105  J.0.105  1*.0.105  5.0.10^  6.0.105  7.0.10^  8.0. lo5  9.0.105 


Taluaa  of  S  for  different  radii  of  load  dlatribution  r  =  1.0  m 
0  0  0  0  0  0  0 

6.5  5.8  5.U  5.0  l*.8  1**6  1*.5 

1I*.U  13.1  12.6  12.2  11.8  11.6  11.3 

26.0  21*.  1  83.1  28.5  22.1  21.8  21.6 

42.0  39-5  38.5  37.2  36.6  36.0  35-4 

62.0  59.0  57.O  55.5  51*. 0  53.O  51.8 

87.0  81.6  78.8  76.3  75.2  74.0  72.9 

112.0  107.0  102.6  99.5  97.1  95.5  94.0 

118.7  116.0 
11*7.0  ll*l*.0 

173.5  170.5 

201*. 0  201.0 
23l*.0  230.0 

266.0  261.0 
303.0  297.0 


feluea  of  8  for  different  radii  of  load  dlatribution  1  a  2.0  it 


0 

kM 
11.1 
21.1* 
35-0 
50.8 
71.9 
92.6 
111*. 8 

141.5 

168.5 
198.0 
227.0 
257.0 
292.0 


UTWmt  8  (Coatlauad ) 


■odulua  of  1m  •lirtiiltT  > 


0.5.105  1.0.105  2.0.1O5  J.0.105 


5.0.105  6.0.105  7.0. 105  8.0.105  9.0.105 


Value*  of  •  for  dlf faraat  radii  of  load  dlatributloa  r  : 


Taluaa  of  >  for  dlfforoat  radii  of  load  diitributlon  r  *  lt«0  m 


Value*  of  8  for  dlfforoat  radii  of  load  dlatributloa  r 


8«gciSSS28So  5*8  S  88  S3  SPSS'S  85  o  S8  85  88  §3  8"S&8  8 


APPBDII  8  (Continued) 


Hodulua  of  leo  elasticity  8 


0.5.105  1.0.105  2.0. 105  3.0. 105  4.0. 105  5.0.105  6.0.105  7.0.105  8.0. 105  9.0,10?  io.o.io5 


Values  of  $  for  different  radii  of  load  distribution  r  ■ 


200.0 

234.0 

280.0 

334.0 

392.0 

440.0 

510.0 

600.0 

688.0 

792.0 

886.0 

10003.0 


Values  of  S  for  different  radii  of  load  distribution  r  ■ 


314.0 

360.0 

410.0 

472.0 

544.0 

634.0 

732.0 

812.0 

920.0 

1016.0 

1145.0 


250.0 

280.0 

329.0 

400.0 

468.0 

503.0 

592.0 

688.0 

774-0 

880.0 

I1010.0 


Values  of  8  for  dlffsrent  radii  of  load  distribution  r 


403.0 

44o.o 

456.0 

502.0 

612.0 

708.0 

833.0 

916.0 

1085.0 

1135.0 

1270.0 


APPBIDIX  8  (Continued ) 


Modulus  of  loo  elasticity  S 


3.0. lo5  6.0  ,105  5.0. 105  6.0. 105  7.O.IO5  8.0. 105  9.0. 105  10.0.10^ 


Value*  of  8  for  dffersnt  radii  of  load  distribution  r  *  9.0  a 


566.0 

590.0 

633.0 

696.O 

756.0 

838.0 

951*0 

1068.0 

1166.0 

1276.0 

1636.0 


366.0 
610.0 
652.0 
532.0 
600.0 
665.0 
750.0 
865.0 
5  -  ,0 
10?6.0 
1266.0 


256.0 

300.0 

360.0 

632.0 

502.0 

582.0 

660.0 

756.0 

867.0 

956.0 

IO63.O 


715.0 

766.0 

783.0 

837.0 

905.0 

975.0 

IO65.O 

1166.0 

1295.0 

1635.0 

1600.0 


322.0 

316.0 

586.0 

375.0 

653.0 

662.0 

528.0 

520.0 

606.0 

588.0 

681.0 

668.0 

762.0 

768.0 

869-0 

837.0 

footnote* 


X  Q  .--C-fo  .  5  __  _S_  _  Vh-r* 

*  *-ce(j)  ’  *  w  «  VE-C t(J~) 

2.  Value*  in  table  were  multiplied  by  1000 

3.  All  value*  are  expressed  in  a. 


